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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The ferroelectric thin film which is an epitaxial ferroelectric thin film formed on Si 
single crystal substrate, and is 0.980 <=zF/zF 0<=1.010 when the crystal face parallel to the 
crystal face of said Si single crystal substrate front face among the crystal faces of this 
ferroelectric thin film is made into ZF side, ZF face-to-face distance is set to zF and ZF face- 
to-face distance in the bulk condition of a ferroelectric thin film component is set to zFO. 
[Claim 2] The ferroelectric thin film of claim 1 whose thickness is 2-100nm. 
[Claim 3] The ferroelectric thin film of claims 1 or 2 with which the buffer thin film which is an 
epitaxial thin film is prepared between said Si single crystal substrates. 
[Claim 4] The ferroelectric thin film of claim 3 said whose buffer thin film is conductivity. 
[Claim 5] In said buffer thin film, the crystal face parallel to the crystal face of said Si single 
crystal substrate front face is made into ZB side. When the lattice constant within the field of 
this ZB side is set to xB and the lattice constant within the field of said ZF side in the bulk 
condition of said ferroelectric thin film component is set to xFO, It sets to the temperature at 
the time of ferroelectric thin film formation, and xB and xFO are a formula. Ferroelectric thin film 
of claims 3 or 4 which satisfy 1 .000<mxF0/nxB<=1 .050 (n and m are one or more integers in the 
above-mentioned formula). 

[Claim 6] One ferroelectric thin film of claims 1-5 which consists of an oxide which contains Pb 
and Ti at least. 

[Claim 7] The ferroelectric thin film of claim 6 which R (at least one sort of rare earth elements 
as which R was chosen from Pr, Nd, Eu, Tb, Dy t Ho, Yb, Y, Sm, Gd, Er, and La), Pb, Ti, and O are 
contained, and the rate of ah atomic ratio is in the range of (Pb+R)/Ti=0.8~1 .3 and Pb/(Pb+R) 
=0.5-0.99, and has the perovskite mold crystal structure. 

[Claim 8] The ferroelectric thin film of claim 7 with which below 60 atom % of Ti is permuted by 
at least one sort of Zr, Nb t Ta, Hf, and Ce. 

[Claim 9] The ferroelectric thin film which it consists of Pb, Ti, and O, Pb/Ti is 0.8-1.3, and O/Ti 
is 2.7-3.3, and is an epitaxial film of the orientation (001) formed on Si single crystal substrate. 
[Claim 10] The ferroelectric thin film of claim 9 whose thickness is 2-30nm. 
[Claim 1 1] The ferroelectric thin film of claims 9 or 10 which are one ferroelectric thin films of 
claims 1-5. 

[Claim 12] The manufacture approach of the ferroelectric thin film which vapor-deposits while 
facing one ferroelectric thin film of claims 6-1 1 forming on a substrate with plural vacuum 
deposition and introducing a oxidizing gas in a vacuum evaporation© reaction chamber at least, 
using lead oxide and TiOx (1<=x<=1.9) as an evaporation source. 

[Claim 13] The manufacture approach of the ferroelectric thin film of claim 12 set to E(Pb/Ti)/F 
(Pb/Ti) =1.5-3.5 when the atomic ratio of the element supplied from an evaporation source is 
made into Pb/Ti=E (Pb/Ti) and the atomic ratio in the formed ferroelectric thin film is made into 
Pb/Ti=F (Pb/Ti). 

[Claim 14] The manufacture approach of the ferroelectric thin film of claims 12 or 13 using the 
oxygen which at least the part radicaHzed as oxidizing quality gas. 

[Claim 15] The manufacture approach of one ferroelectric thin film of claims 12-14 which vapor- 
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deposit by making temperature of a substrate into 500-700 degrees C. 
[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ferroelectric thin film formed on Si 

substrate, and its manufacture approach. 

[0002] 

[Description of the Prior Art] The electron device which formed the superconduction film, a 
dielectric film, the ferroelectric film, etc. on Si substrate which is a semiconducting crystal 
substrate, and was integrated is devised. By combining a semi-conductor, a superconductor, a 
dielectric, and a ferroelectric, in the combination of a semi-conductor and a superconductor 
SQUID, a Josephson device, a superconduction transistor, an electromagnetic wave sensor, the 
superconduction wiring LSI, etc. are mentioned. In the combination of a semi-conductor and a 
dielectric In the combination of the dielectric separation LSI, semi-conductor, and ferroelectric 
by still higher LSI of a degree of integration, and the SOI technique A nonvolatile memory, an 
infrared sensor, an optical modulator, optical switch OEIC (opto-electronic integrated circuit: 
OPTO-ELECTRONIC INTEGRATED CIRCUITS), etc. are made as an experiment. 
[0003] In these electron devices, in order to secure the optimal device property and its 
repeatability, it is required to use a single crystal as a superconductor ingredient, dielectric 
materials, and a ferroelectric ingredient. It is difficult to acquire a good device property in the 
poiycrystalline substance for the disturbance of the physical quantity by the grain boundary. This 
is the same also about a thin film material, and an epitaxial film near the most perfect possible 
single crystal is desired. 

[0004] Therefore, examination of an epitaxial film is made for the purpose of the application 
mentioned above in recent years. For example, the ferroelectric epitaxial film formed on the MgO 
substrate is indicated by JAP.76C12), and 15 and 7833 (1994). 

[0005] However, although it is necessary to enable integration with a semi-conductor and a 
ferroelectric in order to apply to an actual device, it is very difficult to incorporate a MgO 
substrate into Si device. However, the thing for which a single orientation ferroelectric thin film 
is formed on Si single crystal substrate, such as forming the crystalline good BaTi03 (001) single 
orientation film on Si (100) substrate, is also very difficult. On the other hand, this invention 
persons have proposed the approach of forming the epitaxial thin film of a ferroelectric easily on 
Si single crystal substrate in Japanese Patent Application No. No. 217884 [ eight to ] etc. 
[0006] However, the property of the ferroelectric thin film formed on Si substrate is usually more 
greatly [ than the property computed from the property of ferroelectric original ] inferior. The 
property of a ferroelectric, for example, a dielectric constant, Curie temperature, a coercive 
electric field, and a remanence change with the stress which a ferroelectric has. And control of 
stress is important in order to form the ferroelectric thin film which has the property which was 
excellent in the thin-fit nrHzed ferroelectric since it was easy to generate stress with membrane 
formation. Property degradation of the ferroelectric thin-film-ized on Si substrate is also 
considered that the effect of stress is large. 

[0007] for example, above-mentioned J.A. — P.76 (12), 15 and 7833 (1994), and A.P. — although 
it is in L59 (20), and 11 and 2524 (1991) about the case where not Si single crystal substrate but 
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a MgO single crystal substrate is used, it is pointed out that the two-dimensional stress in a film 
surface does effect in a ferroelectric property strongly. The main causes of stress generating 
are the differences, for example, a coefficient-of-thermal-expansion difference, a lattice 
constant difference, etc., of the physical properties of a substrate and a ferroelectric etc. which 
are a substrate. For this reason, if the stress mentioned above is not controlled in order to apply 
a ferroelectric thin film to a device, a desirable ferroelectricity cannot be acquired to stability. 
[0008] By the way, this invention persons have proposed the approach of forming the 
ferroelectric which consists of rare-earth-elements content lead titanate which added 
predetermined rare earth elements to lead titanate (PbTi03) on Si single crystal substrate as a 
thin film with a presentation gap small good [ crystallinity ] in Japanese Patent Application No. 
No. 186625 [ eight to ]. However, it was difficult to form rare-earth-elements content lead 
titanate as single orientation film on Si single crystal substrate, and even when it has formed as 
single orientation film, it was difficult [ it ] to acquire the ferroelectric property expected from it. 
[0009] Although there are PbTi03, PLT (La addition PbTi03), PZT (PbZr03-PbTi03 solid 
solution), PLZT (La addition PbZr03~PbTi03 solid solution), etc. in a lead titanate system 
ferroelectric in addition to this, in the magnitude of a ferroelectric property, especially a 
spontaneous polarization value, PbTi03 is most excellent. Since polarization shafts are the [001] 
directions, as for a PbTi03 system ferroelectric, it is desirable that it is the single orientation 
film in respect of strong dielectric characteristics (001). However, there is no report that pure 
PbTi03 has been formed as single (001) orientation film on Si single crystal substrate. If PbTi03 
thin film is formed on Si substrate, a property will become low rather than the case where the 
domain structure in which the orientation (001) crystal and the orientation (100) crystal were 
intermingled was formed, and the ferroelectric property became remarkably low and forms on a 
MgO substrate rather than a single crystal. For this reason, although the ferroelectric property 
at the time of bulk material is excellent, the present condition is that pure PbTi03 is not used as 
a thin film, but PZT, PLZT, etc. are used. 

[0010] The ferroelectric property expected even if it is difficult to form rare-earth-elements 
content lead titanate as single orientation film on Si single crystal substrate and can do with the 
single orientation film, as mentioned above is not acquired. Moreover, it was impossible to have 
formed pure PbTi03 as single orientation film on Si single crystal substrate. The cause of such a 
problem at the time of using Si single crystal substrate is considered as follows. 
[0011] Although each of Si and MgO(s) has a coefficient of thermal expansion smaller than 
PbTi03, especially the coefficient of thermal expansion of Si is 2.6x1 0-6/degree C, and is 
remarkably small compared with the coefficient of thermal expansion (14x1 0-6/degree C) of 
MgO. If it follows, for example, formation temperature of PbTi03 thin film is made into 600 
degrees C, after formation, Si substrate will check contraction of PbTi03 thin film in the process 
cooled to a room temperature, and a 2-dimensional, comparatively big tensile stress will arise in 
the field in PbTi03 thin film. By the big film of a 2-dimensional tensile stress, the fall of a 
spontaneous polarization value arises so that it may mention later. And it is going to ease this 
tensile stress and it is thought that PbTi03 serves as film with which an orientation (001) crystal 
and an orientation (100) crystal are intermingled, and the fall of a spontaneous polarization value 
becomes remarkable. Moreover, in rare-earth-elements content lead titanate, since a big tensile 
stress will exist when it becomes the film of single (001) orientation, a ferroelectric property will 
become low rather than the film with which orientation (001) and orientation (100) are 
intermingled. 
[0012] 

[Problem(s) to be Solved by the Invention] As described above, in the ferroelectric thin film of 
the present condition formed on Si single crystal substrate, especially PbTi03 thin film, a 2- 
dimensional big tensile stress cannot remain in a film surface, and sufficient spontaneous 
polarization value cannot be acquired. 

[0013] Then, it aims at facing forming a ferroelectric thin film, especially a PbTi03 ferroelectric 
thin film on Si single crystal substrate, controlling the stress in the film by this invention, and 
preventing the fall of a spontaneous polarization value. It is very useful in case it will apply to 
various fields, such as a nonvolatile memory, an infrared sensor, an optical modulator and optical 
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switch OEIC, and a record medium using polarization reversal, if a ferroelectric thin film with a 
big spontaneous polarization value can be formed on Si single crystal substrate which is a semi- 
conductor. 
[0014] 

[Means for Solving the Problem] Such a purpose is attained by this invention of (1) - (15). 

(1) The ferroelectric thin film which is an epitaxial ferroelectric thin film formed on Si single 
crystal substrate, and is 0.980 <=zF/zF 0<=1.010 when the crystal face parallel to the crystal 
face of said Si single crystal substrate front face among the crystal faces of this ferroelectric 
thin film is made into ZF side, ZF face-to-face distance is set to zF and ZF face-to-face 
distance in the bulk condition of a ferroelectric thin film component is set to zFO. 

(2) The ferroelectric thin film of the above (1) whose thickness is 2-100nm. 

(3) The above (1) or (2) ferroelectric thin films with which the buffer thin film which is an 
epitaxial thin film is prepared between said Si single crystal substrates. 

(4) The ferroelectric thin film of the above (3) said whose buffer thin film is conductivity. 

(5) Make the crystal face parallel to the crystal face of said Si single crystal substrate front face 
into ZB side in said buffer thin film. When the lattice constant within the field of this ZB side is 
set to xB and the lattice constant within the field of said ZF side in the bulk condition of said 
ferroelectric thin film component is set to xFO, It sets to the temperature at the time of 
ferroelectric thin film formation, and xB and xFO are a formula. The above (3) or (4) ferroelectric 
thin films with which are satisfied of 1.000<mxF0/nxB<=1.050 (n and m are one or more integers 
in the above-mentioned formula). 

(6) One ferroelectric thin film of above-mentioned (1) - (5) which consists of an oxide which 
contains Pb and Ti at least. 

(7) The ferroelectric thin film of the above (6) which R (at least one sort of rare earth elements 
as which R was chosen from Pr, Nd, Eu, Tb, Dy, Ho, Yb. Y, Sm, Gd, Er, and La), Pb, Ti, and O are 
contained, and the rate of an atomic ratio is in the range of (Pb+R)/Ti=0.8-1.3 and Pb/(Pb+R) 
=0.5-0.99, and has the perovskite mold crystal structure. 

(8) The ferroelectric thin film of the above (7) with which below 60 atom % of Ti is permuted by 
at least one sort of Zr, Nb, Ta, Hf, and Ce. 

(9) The ferroelectric thin film which it consists of Pb, Ti, and O, Pb/Ti is 0.8-1.3, and O/Ti is 
2.7-3.3, and is an epitaxial film of the orientation (001) formed on Si single crystal substrate. 

(10) The ferroelectric thin film of the above (9) whose thickness is 2-30nm. 

(11) The above (1) The above (9) or (10) ferroelectric thin films which are one ferroelectric thin 
film of - (5). 

(12) The above (6) The manufacture approach of the ferroelectric thin film which vapor-deposits 
while facing one ferroelectric thin film of ~ (1 1) forming on a substrate with plural vacuum 
deposition and introducing a oxidizing gas in a vacuum evaporationo reaction chamber at least, 
using lead oxide and TiOx (1<=x<=1.9) as an evaporation source. 

(13) The manufacture approach of the ferroelectric thin film the above (12) set to E(Pb/Ti)/F 
(Pb/Ti) =1.5-3.5 when the atomic ratio of the element supplied from an evaporation source is 
made into Pb/Ti=E (Pb/Ti) and the atomic ratio in the formed ferroelectric thin film is made into 
Pb/Ti=F (Pb/Ti). 

(14) The manufacture approach of of the above (12) or the ferroelectric thin film of (13) using 
the oxygen which at least the part radicaHzed as oxidizing quality gas. 

(15) The manufacture approach of one ferroelectric thin film of above-mentioned (12) - (14) 
which vapor-deposits by making temperature of a substrate into 500-700 degrees C. 
[0015] 

[Function and Effect] According to this invention, increase of the spontaneous polarization value 
of a ferroelectric thin film or fall prevention of a spontaneous polarization value is enabled as 
single (001) orientation film which does not take domain structure by making the crystal lattice in 
an epitaxial ferroelectric thin film distorted so that spacing of the crystal face parallel to the film 
may be extended, or considering as an almost undistorted condition. Next, based on theoretical 
consideration and experimental data, an operation and effectiveness of this invention are stated 
to a detail. 
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[0016] First, the spontaneous polarization property in the bulk single crystal of a ferroelectric 
ingredient is considered. A ferroelectric ingredient is set to PbTi03. In a room temperature, the 
lattice constant of an a-axis is the crystal of ****** whose lattice constant of 0.3904nm and a 
c-axis is 0.41 52nm, and PbTi03 crystal has a polarization shaft in the [001] directions. This 
crystal is made to generate the stress of 2-dirnensional one in field inboard with a grid parallel to 
the c-th page, and the result of having calculated the spontaneous polarization value Ps in that 
case using Devonshire thermodynamics relational expression is shown in drawing 1 . That to 
which the two-dimensional stress of the sign of minus has compressive stress and the sign of 
plus all over drawing expresses a tensile stress. This drawing shows spontaneous polarization 
increasing with increase of 2~dimensional compressive stress, and decreasing with increase of a 
2-dimensional tensile stress. 

[0017] Next, PbTi03 thin film which grew epitaxially on Si substrate is considered. When the 
formation temperature of a thin film is 600 degrees C, supposing the single crystal thin film of 
orientation (001) is obtained, the c-th page of PbTi03 crystal lattice will be located in the 
crystal face and parallel which appear in a substrate front face at this time. Since coefficients of 
thermal expansion differ, two-dimensional stress generates PbTi03 and Si in the field of PbTi03 
thin film in the process cooled from membrane formation temperature to a room temperature. 
The coefficient of thermal expansion of Si is 2.6x1 0-6/degree C, and Si substrate front face 
starts contraction from 600 degrees C two-dimensional in the cooling process to a room 
temperature according to this multiplier. Contraction of the direction of an a-axis produced into 
PbTi03 crystal on the other hand at this time although PbTi03 thin film is also contracted with 
contraction of Si substrate front face, and the direction of a b-axis is remarkably small 
compared with the contraction produced according to the coefficient of thermal expansion of 
PbTi03. This is because the coefficient of thermal expansion of Si is remarkably small compared 
with it of PbTi03. For this reason, in PbTi03 thin film, the tensile stress has arisen after cooling. 

[0018] Thus, since the 2-dimensional tensile stress has arisen in the field in PbTi03 thin film 
formed on Si substrate, a spontaneous polarization value will become smaller than the single 
crystal of bulk so that drawing 1 may show. In addition, in fact, in order to ease this tensile 
stress, PbTi03 thin film turns into film with which the orientation (001) crystal and the 
orientation (100) crystal were intermingled. 

[0019] It aims at suppressing the spontaneous polarization fall when thln-film-izing about 
ferroelectrics, such as PbTi03, in this invention. In order to attain this purpose, let the tensile 
stress of the ferroelectric thin film which originates in the difference of a coefficient of thermal 
expansion with a substrate, and is produced be zero at reduction or a real target. Thereby, 
degradation of a spontaneous polarization value can be prevented. Moreover, in this invention, a 
ferroelectric thin film can also be made to be able to produce compressive stress, and a 
spontaneous polarization value can be increased in this case. 

[0020] The strain controlled of the ferroelectric thin film in this invention is specifically 
performed by preparing a buffer thin film between Si single crystal substrate and a ferroelectric 
thin film. Here, the case where used PbTi03 as a ferroelectric ingredient and Pt is used as a 
buffer thin film component is mentioned as an example, and is explained. 

[0021] First, the case where use as a substrate Si (100) / Pt (001) laminating structure which 
carried out epitaxial growth of the Pt thin film on Si (100) single crystal, and epitaxial growth of 
the PbTi03 (001) thin film is carried out on this is considered. If substrate temperature at the 
time of PbTi03 thin-film formation is made into 600 degrees C, as for the lattice constant in 600 
degrees C, the lattice constant difference by which Pt bulk object is called misfit among both 
since 0.3942nm and a PbTi03 bulk object are 0.3968nm exists. 

[0022] The common deformation pattern of a thin film crystal lattice in case misfit exists 
between a substrate and an epitaxial growth thin film is explained using drawing 2 . In drawing 2 , 
the case where (a) is the system which the substrate and the thin film became independent of is 
shown, (b) shows the case where a thin film absorbs misfit by elastic distortion, and (c) shows 
the case where misfit is absorbed by the rearrangement. By (b), the crystal lattice of a thin film 
has contracted in elongation, the a-axis, and the direction of a b-axis in the direction of a c- 
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axis. That is, in this condition, the compressive stress of 2-dimensional one has arisen in the 
crystal lattice of a thin film. The condition of (b) is produced when the film is thin. If misfit is 
completely absorbed by the rearrangement as shown in (c) t it will become the thin film of the 
non-stress which has the same lattice constant as the condition which shows in (a). The 
condition of (c) is produced when the film is thick. 

[0023] Thus, when PbTi03 thin film is formed at the membrane formation temperature of 600 
d e g rees c by using Si/Pt as a substrate, in the condition of having held to membrane formation 
temperature, the 2~dimensional compressive stress of PbTi03 thin film is [ whether it exists 
and ] in a non-stress condition. However, as mentioned above, in the process cooled from 
membrane formation temperature to a room temperature, it originates in a difference with the big 
coefficient of thermal expansion of Si and PbTi03, and the force of making PbTi03 thin film 
producing a 2-dimensional tensile stress works. For this reason, at a room temperature, a tensile 
stress will arise that it is in a non-stress condition as shown in drawing 2 (c) in membrane 
formation temperature, and spontaneous polarization will become small. Generating of the tensile 
stress accompanying [ that it is in the condition which compressive stress as shown in drawing 2 
(b) in membrane formation temperature has produced on the other hand ] cooling is cancellable. 
[0024] So, in this invention, in consideration of the smallness of the coefficient of thermal 
expansion of Si single crystal substrate, both combination is chosen so that the misfit of the 
lattice constant between the buffer thin films and ferroelectric thin films in membrane formation 
temperature may become suitable. Compressive stress of a ferroelectric thin film can be made 
into the suitable value which can cancel the effect of Si single crystal substrate in the case of 
cooling by this, and the ferroelectric thin film of a non-stress condition or a room temperature 
can realize substantially the ferroelectric thin film which compressive stress has produced at a 
room temperature on Si substrate. For this reason, according to this invention, it becomes 
possible to form PbTi03 thin film as an epitaxial film of orientation (001) on Si single crystal 
substrate. Therefore, according to this invention, in case it applies to a device, it becomes 
possible using very important Si single crystal substrate to form the very big ferroelectric thin 
film of spontaneous polarization on it. 

[0025] On the other hand, compared with the case where the difference of the coefficient of 
thermal expansion between both uses Si substrate in the combination of the MgO substrate and 
ferroelectric thin film which are known conventionally, it is remarkably small. For this reason, it is 
not necessary to limit extent of both misfit in membrane formation temperature in consideration 
of the difference of contraction from the substrate and ferroelectric thin film in the cooling 
process from membrane formation temperature, and such a proposal is not actually made 
conventionally. 

[0026] Moreover, when the film is formed thickly, it is easy to produce a rearrangement, and for 
this reason, the compressive stress by misfit is easy to be eased. Since the tensile stress 
produced during cooling is small even if some rearrangements arise at membrane formation 
temperature and the compressive stress by misfit is eased, when a MgO substrate is used, when 
it cools to a room temperature, a big tensile stress does not exist. For this reason, when a MgO 
substrate is used, finally a big tensile stress does not arise on the conditions which a 
ferroelectric thin film is thick and a rearrangement tends to produce. On the other hand, since Si 
substrate is used in this invention, the tensile stress produced by contraction of a substrate at 
the time of cooling is large. Therefore, big compressive stress must arise at the time of 
membrane formation. For this reason, in this invention, a ferroelectric thin film is made thin and 
the misfit relaxation by generating of a rearrangement is prevented. 

[0027] Controlling membrane stress and aiming at a property improvement, in case a dielectric 
thin film is formed is indicated by JP,8-1 95328.A. Invention of the 1st given [ this ] in an official 
report is a thing of making a crystal lattice distorted so that spacing of the crystal face of a 
direction parallel to the field which the interface of a dielectric film and a capacitor electrode 
makes may become long, and on the other hand, making a crystal lattice distorted so that 
spacing of said crystal face may become short, when a capacitor dielectric film consists of a 
capacitor electrode and a ferroelectric perovskite crystal in the capacitor dielectric film which 
consists of a thin film of a capacitor electrode and a paraelectrics perovskite crystal. That is, 
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this invention makes compressive stress exist in a film surface in a paraelectrics thin film, and 
makes a tensile stress exist in a film surface in a ferroelectric thin film. If a ferroelectric is made 
to produce a tensile stress, although a dielectric constant improves, spontaneous polarization will 
fall. Invention given [ this ] in an official report does not aim at improvement in a spontaneous 
polarization value for the purpose of applying to ferroelectric random-access memory aiming at 
improvement in a dielectric constant for the purpose of applying to the usual DRAM etc. 
[0028] Although the example which used Si single crystal substrate for this official report is also 
indicated, that the dielectric film is carrying out orientation (001) in the example of this official 
report is only the case (the 6th example) where carried out the laminating of the Pt (001) film on 
the MgO (001) film, and a dielectric film (KTa03) is formed on this. 

[0029] Moreover, invention which improves a property is indicated by by controlling the stress of 
a ferroelectric thin film also to JP T 8-139292,A. 

[0030] The conductive substrate with which invention indicated by claim 1 of this official report 
consists of a conductive ingredient which has the crystal structure to which a front face belongs 
to the field (001) or cubic system of tetragonal system at least, The dielectric film which 
consists of a dielectric ingredient which has the perovskite mold crystal structure belonging to 
the tetragonal system or cubic system which grew epitaxially on this conductive substrate, In the 
thin film capacitor possessing the up electrode formed on this dielectric film the Curie 
temperature of said dielectric ingredient original below 150 degrees C The lattice constant as of 
conductive ingredient original expressed with the a-axis length of the crystal structure of the 
lattice constant ad of dielectric ingredient original expressed with the a-axis length of the 
perovskite mold crystal structure, tetragonal system, or cubic system is the thin film capacitor 
with which are satisfied of the relational expression of 1.002 <=ad/as<=1 .015. Moreover, 
invention indicated by claim 7 of this official report The dielectric film which consists of a 
dielectric ingredient which is the perovskite mold crystal structure of the tetragonal system 
which grew epitaxially on the 1st electrode and this 1st electrode, or hexagonal system, In the 
thin film capacitor possessing the 2nd electrode formed on this dielectric film The thickness of 
said dielectric film is 15nm or more. The c-axis length Ce of the dielectric ingredient after 
epitaxial growth, The c-axis length or the hexagonal system a-axis length Co of tetragonal 
system of dielectric ingredient original in front of the epitaxial growth corresponding to this c~ 
axis length Ce is the thin film capacitor with which are satisfied of the relational expression of 
Ce/Co>=1.02. 

[0031] A thin film capacitor given [ this ] in an official report has the ferroelectric thin film with 
which the a-axis of a grid which has the perovskite mold crystal structure was shrunken, and the 
c-axis was extended, as shown in the column of an operation of this official report. In this official 
report, it is making for a remanence and its temperature dependence to be improvable etc. into 
effectiveness. 

[0032] In order to obtain such a ferroelectric thin film, in this official report, a single crystal Si 
layer is formed on the insulating layer (oxidization Si layer) formed in Si substrate front face, and 
the ferroelectric thin film is formed on it through the lower electrode which consists of a barrier 
layer which consists of a nickel silicide etc., Pt, etc. As the formation approach of a single 
crystal Si layer, the approach of subsequently making it single-crystaHze through solid phase 
growth from Si substrate interface by annealing is indicated by carrying out selective growth of 
the amorphous silicon layer to the approach of carrying out direct selective growth of the single 
crystal Si layer first. 

[0033] However, according to research of this invention persons, even if it used the approach 
given [ this ] in an official report, good Si single crystal layer of front-face nature could not be 
obtained, therefore a crystalline good ferroelectric thin film was not able to be obtained on it. 
And although the c-axis length ratio (Ce/Co) limited by claim 7 of this official report was also 
unrealizable, that the c-axis length ratio is indicated also in the example of this official report is 
only the case where oxide substrates, such as MgO, are used. 

[0034] It is only examples 7, 8, and 9 that there is designation of a purport using Si single crystal 
substrate among the examples of this official report. In the example 7, form the TiN film with a 
thickness of 400nm on Si single crystal substrate, and calcium0.5Y0.5TiO3 film with a thickness 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/04/10 



JP t 10-223476, A [DETAILED DESCRIPTION] 



7/26 <<—is 



of 200nm is formed as a lower electrode on this. Besides Ba0,5Sr0.5TiO3 dielectric film with a 
thickness of 200nm is formed, thickness of a dielectric film is set to 100nm in the example 8, and 
the presentation of a dielectric film is changed into Ba0.45La0.05Sr0.5TiO3 in the example 9. In 
these examples, when each film is formed, the lower electrode and the dielectric film are 
amorphous, and as a result of performing 700 degrees C and annealing for 1 minute using an 
infrared lamp annealer, it is supposed that it single-crystaHzed. However, the use of misfit 
which was mentioned above by the approach of annealing the layered product of the amorphous 
film to coincidence unlike the approach of making carry out epitaxial growth of the thin film to 
order from Si single crystal substrate side like this invention, and finally forming the ferroelectric 
thin film of a single crystal is impossible. For this reason, by the approach of using annealing 
indicated by this official report, single-crystaHzing of a ferroelectric thin film is difficult, or it is 
thought that it is impossible. A c-axis length ratio is not indicated by the examples 7-9 of this 
official report, but there is actually no publication of the purport from which the single 
orientation film was obtained in them. 

[0035] Thus, unlike the Prior art which controls the stress of the ferroelectric thin film on a MgO 
substrate, this invention makes it possible to form a ferroelectric thin film, especially PbTi03 thin 
film as an epitaxial film on Si single crystal substrate, and realizes effectiveness which did not 
have nothing profit conventionally. 

[0036] The ferroelectric thin film with the big spontaneous polarization value acquired by this 
invention demonstrates the outstanding property in various fields, such as a nonvolatile memory, 
an infrared sensor, an optical modulator, optical switch OEIC, and a record medium using 
polarization reversal. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0038] The ferroelectric thin film of distortion this invention of a ferroelectric thin film crystal 
lattice is an epitaxial thin film formed on Si single crystal substrate. In the ferroelectric thin film 
of this invention, when the crystal face parallel to the crystal face of Si single crystal substrate 
front face is made into ZF side, ZF face-to-face distance is set to zF and ZF face-to-face 
distance in the bulk condition of a ferroelectric thin film component is set to zFO, it is 0.980 
<=zF/zF 0<=1.010, and is 0.982 <=zF/zF 0<=1.010 preferably. And it is more desirable that it is 
0.988 <=zF/zF0 when it is BaTi03 or rare-earth-elements content lead titanate which a 
ferroelectric ingredient mentions later, and when it is PbTi03, it is more desirable that it is 
zF/zF 0<=1.000. Thus, in the ferroelectric thin film of this invention, the crystal lattice is 
distorted so that it may become [ whether spacing of ZF side is almost the same, and ] to a bulk 
condition. 

[0039] Stress relaxation does not arise, therefore spontaneous polarization does not produce 
aging in a ferroelectric thin film with distortion near zero of a crystal lattice, i.e., the ferroelectric 
thin film which stress has hardly produced. Moreover, since neither domain structure nor a 
defect arises into a ferroelectric thin film crystal, the crystal of high quality is obtained. 
Moreover, since compressive stress has arisen in the ferroelectric thin film with which zF/zFO is 
over 1, the value of spontaneous polarization becomes large. 

[0040] On the other hand, if spacing of ZF side becomes short too much when it thin-filmHzes 
(i.e., if a 2-dimensional tensile stress becomes large too much in a film surface), as mentioned 
above, the value of spontaneous polarization will become small. On the other hand, the reason 
for preparing an upper limit in spacing of ZF side is as follows. Since the distance between the 
crystallographies axis which exist in ZF side becomes small so that spacing of ZF side becomes 
large, the 2-dimensional compressive stress within ZF side becomes large. Consequently, since a 
spontaneous polarization value becomes large as shown in drawing 1 , it is desirable. However, in 
this invention, though compressive stress exists after ferroelectric thin film formation in order to 
use Si substrate with a small coefficient of thermal expansion, in case it cools to a room 
temperature, compressive stress will be eased. For this reason, if it is going to obtain the 
compressive stress which exceeds the above-mentioned range in a room temperature, it must 
be made for compressive stress to have to become remarkably large at the time of ferroelectric 
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thin film formation, unreasonableness will arise on formation conditions, and formation of an 
epitaxial film will become impossible. Since it is such, let the upper limit of zF/zFO showing 
spacing of ZF side be the above-mentioned value in this invention using Si substrate. 
[0041] More preferably, although the thickness of a thickness ferroelectric thin film is 20nm or 
less most preferably, when using PbTi03 thin film as an epitaxial film, generally it is 20nm or less 
preferably 30nm or less 50nm or less still more preferably 75nm or less 100nm or less. In order 
to have distorted the crystal lattice so that it may become [ whether it becomes almost the 
same as a bulk material, and ] from a bulk material as spacing of ZF side described above when it 
cools to a room temperature after ferroelectric thin film formation, compressive stress must 
arise in the film surface at the time of ferroelectric thin film formation. This compressive stress 
can be produced by absorbing misfit by the elastic distortion of the film. When a ferroelectric 
thin film is too thick, misfit cannot be absorbed by elastic distortion at the time of epitaxial 
growth, but distortion absorption by the rearrangement comes to be performed, and it becomes 
impossible to produce effectively the 2-dimensional compressive stress in a film surface. In 
order to produce compressive stress, the one where a ferroelectric thin film is thinner is good, 
but since a ferroelectricity discovers depending on the frame of a crystal lattice, and atomic 
arrangement, also at the lowest, 2nm (five grids) of 5nm of thickness Is considered to be the 
need by preferably. 

[0042] Although what is necessary is just to choose from what especially the ingredient used for 
a ferroelectric ingredient ferroelectric thin film is not limited, but has a ferroelectricity suitably, 
the following ingredients are suitable, for example. 

[0043] (A) Perovskite die materials : BaTi03 ;P Pb system perovskite compound;Bi system 
perovskite compounds, such as bTi03, rare-earth-elements content lead titanate, PZT (zircon 
lead titanate), and PLZT (zircon titanic-acid lanthanum lead) etc. The above simplicity, 
compound, various layer-like perovskite compounds. 

[0044] (B) Tungsten bronze die materials : tungsten bronze mold oxides, such as SBN (niobic 
acid strontium barium) and PBN (lead niobate barium) etc. 

[0045] (C) YMn03 system ingredient : the oxide which has a hexagonal system YMnO triad 
including rare earth elements (Sc and Y are included), and Mn and O. For example, YMn03, 
HoMn03 grade. 

[0046] Hereafter, the ferroelectric ingredient of these is explained. 

[0047] (A) Generally BaTi03, the lead system perovskite compound of*PbTi03 grade, etc. are 
expressed with a chemical formula AB03 among perovskite die materials. Here, A and B express 
a cation respectively. As for A, it is desirable that they are one or more sorts chosen from 
calcium, Ba, Sr, Pb, K, Na, Li, La, and Cd, and, as for B, it is desirable that they are one or more 
sorts chosen from Ti, Zr, Ta, and Nb. What is necessary is to choose from these inside suitably 
[ for the purpose of what shows a ferroelectricity in service temperature ], and just to use in 
this invention. 

[0048] Ratio A/B in such a perovskite mold compound is 0.8-1.3 preferably, and is 0.9-1.2 more 
preferably. 

[0049] Since it becomes possible to be able to secure the insulation of a dielectric and to 
improve crystallinity by making A/B into such range, a dielectric property or strong dielectric 
characteristics is improvable. On the other hand, less than by 0.8, if it becomes impossible to 
desire an improvement effect of crystallinity [ A/B ] and A/B exceeds 1.3, formation of a 
homogeneous thin film will become difficult. Such A/B is realized by controlling membrane 
formation conditions. 

[0050] In addition, although the ratio x of O in ABOx is altogether expressed as this specification 
as 3 like PbTi03, x is not limited to 3. Since there are some which construct the perovskite 
structure stabilized in an oxygen defect or hyperoxia depending on the perovskite ingredient, in 
ABOX, the value of x is usually 2.7 to about 3.3. In addition, A/B can be calculated from X-ray 
fluorescence analysis. 

[0051] As a perovskite compound of the AB03 mold used by this invention A A1+B5+03, 
A2+B4+03, and A3+B3+ — 03, AXB03, A (B'0.67B"0.33)O3, A (B'0.33B"0.67)O3, A 
(B0.5+3B0.5+5)O3, and A (B0.52+B0.56+)O3 — (B0.51+B0.57+) You may be any of 03, A3+ 
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(B0.52+B0.54+) 03, A (B0.251+B0.755+)O3, A (B0.53+B0.54+)O2.75, and A(B0.52+B0.55+) 02.75 
grade. 

[0052] Specifically, they are Pb system perovskite compounds, such as PZT and PLZT, CaTi03, 
BaTi03, PbTi03, KTa03, BiFe03, NaTa03, SrTi03, CdTi03, KNb03, LiNb03 and LiTa03, these 
solid solutions, etc. 

[0053] In addition. Above PZT is the solid solution of PbZr03~PbTi03 system. Moreover, Above 
PLZT is the compound with which La was doped by PZT, and if the notation of AB03 is followed, 
it is shown by O(Zr(Pb0.89-0.91 La 0.1 1-0.09)0.65Ti0.35) 3. 

[0054] Moreover, generally Bi system stratified compound is a formula among stratified 
perovskite compounds. It is expressed with Bi2Am~1 Bm03m+3. In the above-mentioned formula, 
m is the integer of 1-5, A is either Bi, calcium, Sr, Ba, Pb and rare earth elements (Sc and Y are 
included), and B is either Ti, Ta and Nb. Specifically, Bi4Ti 3012, SrBi2Ta 209, SrBi2Nb 209, etc. 
are mentioned. In this invention, any of these compounds may be used and these solid solutions 
may be used. 

[0055] The perovskite mold compound with desirable using for this invention A titanate thru/or a 
titanate content perovskite mold compound, BaTi03 and SrTi03, PLZT, [ for example, ] They are 
PZT, CaTi03, PbTi03, rare-earth-elements content lead titanate, etc. More desirable things are 
BaTi03, SrTi03, PZT, PbTi03, and rare-earth-elements content lead titanate. Especially a 
desirable thing It is the rare-earth-elements content lead titanate containing PbTi03, R (at least 
one sort of rare earth elements as which R was chosen from Pr, Nd, Eu, Tb. Dy, Ho, Yb, Y, Sm, 
Gd, Er, and La), Pb, Ti, and O. Especially PbTi03 is suitable for memory in respect of 
spontaneous polarization, a dielectric constant, and a curie point. And in this invention, epitaxial 
film-ization of impossible PbTi03 is conventionally realizable. By epitaxial film-ization, the 
badness of the leak which was a problem, and the fatigue property by polarization reversal can 
be improved with PbTi03 conventional thin film which is not single orientation, and the high 
property of PbTi03 original can be used. 

[0056] It is desirable that the rate of an atomic ratio uses the range of (Pb+R)/Ti=0.8-1 .3 and 
Pb/(Pb+R) =0.5-0.99 and the thing of the presentation which is in the range of /(Pb+R) Ti=0.9- 
1 .2 and Pb/(Pb+R) =0.7-0.97 preferably as rare-earth-elements content lead titanate in this 
invention. The rare-earth-elements content lead titanate of this presentation is indicated by 
Japanese Patent Application No. No. 186625 [ eight to ]. By adding rare earth elements to 
PbTi03 by the above-mentioned ratio, Ec can be reduced and, moreover, it becomes possible to 
suppress reduction of the remanence value Pr accompanying it. Moreover, in the above- 
mentioned presentation, since the rare earth elements which are hard to produce semi- 
conductor-ization are added, fewer ferroelectric thin films of leak are realized. Moreover, this 
invention persons traced having influenced the fatigue property of polarization reversal of the 
class and amount of rare earth elements to add. In the above-mentioned presentation, since the 
class and amount of rare earth elements are made the optimal, the ferroelectric thin film 
excellent in the repeat property is realized. 

[0057] R permutes by Pb located in A site of the basic perovskite which consists of PbTi03 
material, and is made to transform a crystal. PbTi03 is the perovskite structure of the tetragonal 
mold of a-axis:3.897A and c-axis:4.1 47A, and has a polarization shaft in the direction of a c-axis. 
Although this crystal deformation decreases spontaneous polarization slightly since it decreases 
the ratio of an a-axis and a c-axis, it can reduce the electrical potential difference (Ec) needed 
for polarization reversal. On the other hand, since it permutes by the element located in B site of 
PbTi03 by rare earth elements other than R, for example, Ce, and a crystal cannot be 
transformed effectively but spontaneous polarization falls extremely, it is not desirable to device 
application. 

[0058] In rare-earth-elements content lead titanate, when (Pb+R)/Ti is too small, it becomes 
impossible to desire a crystalline improvement effect, and if (Pb+R)/Ti is too large, formation of 
a homogeneous thin film will become difficult. Moreover, good dielectric characteristics are 
obtained by making (Pb+R)/Ti into the above-mentioned range. If Pb/(Pb+R) is too small, while 
spontaneous polarization will become small, a dielectric constant will also become large or more 
with 1 000. On the other hand, if Pb/(Pb+R) is too large, the addition effectiveness of rare earth 
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elements, i.e.. the fall effectiveness of Ec, will become inadequate. It is easily realizable by 
controlling to mention the formation conditions of a ferroelectric thin film later to make Pb/ 
(Pb+R) into the above-mentioned range. It can ask for the content of Pb, Ti, and R according to 
X-ray fluorescence analysis. 

[0059] Although lead titanate is generally Pb:Ti:0=1:1:3, the ratio of oxygen changes with the 
classes and amounts of R which are added in this invention, and it is usually 2.7 to about 3.3. 
[0060] In addition, at rare-earth-elements content lead titanate, below 60 atom % of Ti may be 
permuted by at least one sort of Zr, Nb, Ta, Hf, and Ce. 

[0061] (B) As tungsten bronze die materials, the tungsten bronze die materials of Landoit- 
BorensteinVol.16 publication of the collection of ferroelectric ingredients are desirable. Nb (Ba, 
Sr) 206, Nb(Ba, Pb)206, PbNb 206, PbTa 206, BaTa 206, PbNb 401 1, PbNb 206, SrNb 206, 
BaNb206 grades, and these solid solutions are desirable, and, specifically, SBN {(Ba, Sr) Nb 206} 
and PBNRBa, Pb) Nb 206} ** is desirable especially. 

[0062] (C) A YMn03 system ingredient can be expressed with a chemical formula RMn03. As for 
R, it is desirable that they are one or more sorts chosen from rare earth elements (Sc and Y are 
included). Ratio R/Mn in a YMn03 system ingredient is 0.8-1.2 preferably, and is 0.9-1.1 more 
preferably. Since it becomes possible to be able to secure insulation and to improve crystallinity 
by making it such range, strong dielectric characteristics are improvable. On the other hand, 
there is an inclination for crystallinity to fall, in the range which has ratio R/Mn [ good ] for less 
than 0.8 and 1.2. Moreover, especially in the range which has ratio R/Mn [ good ] for 1.2, a 
ferroelectricity is not acquired, but there is an inclination which becomes a usual state dielectric 
property, and the application to the component using polarization may become impossible. Such 
R/Mn is realized by controlling membrane formation conditions. In addition, R/Mn can be 
calculated from X-ray fluorescence analysis. The dielectric constant of a YMn03 system 
ingredient is'ten to about 100 in ten to about 50, and a thin film at bulk. 
[0063] The crystal structure of the YMn03 system ingredient with desirable using for this 
invention is the thing of hexagonal system. That in which a YMn03 system ingredient has the 
crystal structure of hexagonal system, and a thing with the crystal structure of orthorhombic 
system exist. In order to acquire a ferroelectricity, it is necessary to consider as the crystal 
ingredient of hexagonal system. Specifically, presentations are what is YMn03, HoMn03, 
ErMn03, YbMn03, TmMn03, and LuMn03 substantially, these solid solutions, etc. 
[0064] Although it is desirable that it is the crystallization film in which' the polarization shaft 
carried out orientation to the substrate side and the perpendicular direction as for a crystal 
orientation ferroelectric thin film, since an epitaxial film which is later mentioned in this invention 
can be formed, the extremely excellent ferroelectric property is realized. It is possible to 
consider as the epitaxial film of orientation in perovskite die materials (001), in tungsten bronze 
die materials, considering as the epitaxial film of orientation (001) is possible, and, specifically, it 
is possible to consider as the epitaxial film of orientation with a hexagonal YMn03 system 
ingredient (0001). 

[0065] As for the ferroelectric thin film which consists of perovskite die materials, it is desirable 
to form in the front face of Si (100) substrate. The desirable crystallographic-axis orientation 
relationship of the ferroelectric thin film in this case and Si substrate is as follows. In addition, Si 
is a cubic. When a ferroelectric thin film is single (001) orientation, they are ferroelectric [100]// 
Si [010]. That is, as for a ferroelectric thin film and Si substrate, it is desirable that the shafts 
which exist in a field are parallel. 

[0066] Also as for the ferroelectric thin film which consists of tungsten bronze die materials, it is 
desirable to form in the front face of Si (100) substrate. The desirable crystallographic-axis 
orientation relationship of the ferroelectric thin film in this case and Si substrate is ferroelectric 
[100]// Si [010]. 

[0067] As for the ferroelectric thin film of the orientation which consists of hexagonal YMn03 
system ingredients (0001), it is desirable to form in the front face of Si (1 1 1) substrate. However, 
if the buffer thin film of orientation and the electrode layer of orientation (111) are prepared so 
that it may mention later (111), the hexagonal YMn03 system ferroelectric thin film of 
orientation (0001) can be formed on Si (100) substrate. 
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[0068] In addition, in this specification, an epitaxial film needs to be single orientation film in the 
first place. The single orientation film in this case is film of the maximum peak intensity of the 
field which the peak intensity of reflection of things other than the field made into the purpose 
makes the purpose which is 5% or less preferably 10% or less, when measurement by the X 
diffraction is performed, for example, 10% or less of the maximum peak intensity of field (00L) 
reflection [ by the single (001) orientation film, i.e., the c~th page single orientation film, ] of the 
reinforcement of reflective peaks other than a field (00L) by membranous 2 theta-theta X 
diffraction — desirable — 5% or less — it is . in addition, this specification — setting (00L) — 
etc. (002) etc. — it is the display which names an equivalent field generically (001). Moreover, 
the same way, by the single (100) orientation film, reflection of all the fields where a field, a field 
(200), etc. are equivalent (100) is considered, and reflection of all the fields where a field, a field 
(222), etc. are equivalent (1 1 1) is considered by the single (111) orientation film with it. When the 
inside of a film surface is made into a X-Y side and the Z-axis is set as the direction of 
thickness, a crystal is equal to both the X-axis, a Y-axis, and Z shaft orientations, and needs to 
be carrying out orientation to the second. Such orientation can be checked by a spot or a streak 
pattern being shown by RHEED evaluation. It can be called an epitaxial film if these conditions 
are satisfied. In addition, RHEED is reflective high energy electron diffraction (Reflction High 
Energy Electron Diffraction), and RHEED evaluation is the index of the orientation of the 
crystallographic axis in a film surface. 

[0069] When it constitutes a buffer thin film ferroelectric thin film from perovskite die materials, 
tungsten bronze die materials, or a YMn03 system ingredient between a ferroelectric thin film 
and a substrate, the oxide middle class and/or the electrode layer which are explained below are 
prepared as a buffer thin film. A buffer thin film is a thin film prepared between a substrate and a 
ferroelectric thin film for the strain controlled of a ferroelectric thin film, as mentioned above. In 
addition, an oxide interlayer functions also as an insulator. 

[0070] When a ferroelectric thin film consists of perovskite die materials or tungsten bronze die 
materials, as for the oxide middle class, it is desirable that consist of a following zirconium 
dioxide system layer, or both the following rare earth oxide system layer and the following 
perovskite substrate layer are included further, including the following rare earth oxide system 
layer or the following perovskite substrate layer. Built-up sequence is [ whether it is a zirconium 
dioxide system layer -> ferroelectric thin film, or is a zirconium dioxide system layer -> rare 
earth oxide system layer -> ferroelectric thin film or it is a zirconium dioxide system layer -> 
perovskite substrate layer -> ferroelectric thin film, and ] a zirconium dioxide system layer -> 
rare earth oxide system layer -> perovskite substrate layer -> ferroelectric thin film. 
[0071] When a ferroelectric thin film consists of YMn03 system ingredients, as for the oxide 
middle class, it is desirable to consist of a zirconium dioxide system layer or a rare earth oxide 
system layer. 

[0072] The electrode layer as a buffer thin film is prepared between a substrate and a 
ferroelectric thin film. When preparing the above-mentioned oxide interlayer, an electrode layer 
is prepared between an oxide interlayer and a ferroelectric thin film. 

[0073] Although it is desirable to consist of metals as for the electrode layer as a buffer thin 
film, it may consist of conductive ingredients other than a metal. An electrode layer functions as 
an electrode of the ferroelectric thin film bottom. Moreover, since an electrode layer has the 
good grid adjustment between ferroelectric thin films, a crystalline high ferroelectric thin film is 
obtained. 

[0074] In a buffer thin film, the crystal face parallel to the crystal face of Si single crystal 
substrate front face is made into ZB side. When the lattice constant within the field of this ZB 
side is set to xB and the lattice constant within the field of said ZF side in the bulk condition of 
a ferroelectric thin film component is set to xFO, In the temperature at the time of ferroelectric 
thin film formation xB and xFO Formula It is desirable to satisfy 1 .000<mxF0/nxB<=1 .050 and it is 
a formula. It is more desirable to satisfy 1.000<mxF0/nxB<=1 .020, and it is a formula. It is still 
more desirable to satisfy 1.005 <=mxF0/nxB<=1.010. In the above-mentioned formula, n and m 
are one or more integers. xF0> In xB, when referred to as m=n=1, it is desirable to satisfy the 
above-mentioned formula, but you may be m<n. As for the combination (m, n) of m and n in this 
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case, (2, 5), (3, 4X (3, 5), etc. are desirable (4 5). (2 3) On the other hand, it is necessary to make 
it into m>n at the time of xFCKxB. As (m, n) in this case, (5, 2), (4, 3), (5, 3), etc. are desirable, for 
example (3 2) (5 4). In combination other than these, the compressive-stress are recording by 
the epitaxial growth of a ferroelectric thin film becomes difficult. In addition, although (m, n) at 
the time of using a compound perovskite mold compound are the same as that of the above, the 
lattice constant of the unit lattice based on a simple perovskite structure is used for the lattice 
constants xB and xFO in this case. In addition, the lattice constant of the compound perovskite 
mold compound itself is the integral multiple (usually a maximum of 5 about times) of the unit 
lattice. 

[0075] By choosing the ferroelectric thin film and buffer thin film with which are satisfied of such 
conditions, in the formation temperature of a ferroelectric thin film, the misfit between the grid 
of a ferroelectric thin film and the grid of a buffer thin film can be used, and 2-dimensional 
compressive stress can be produced in a ferroelectric thin film side at formation temperature. 
Since 2-dimensional compressive stress has arisen at the time of film formation, the 2- 
dimensional tensile stress produced according to the difference of the coefficient of thermal 
expansion between Si substrates at the time of cooling is cancellable. For this reason, since it 
becomes possible to obtain the ferroelectric thin film which has the ferroelectric thin film or 
compressive stress of a non-stress condition by doubling conditions, a ferroelectric thin film with 
a big spontaneous polarization value is realizable. 

[0076] If mxFO/nxB becomes one or less in the above-mentioned formula, it will become 
impossible to cancel the tensile stress produced at the time of cooling, and the effectiveness of 
this invention will not be acquired. On the other hand, if mxFO/nxB is too large, it will become 
difficult to carry out epitaxial growth of the ferroelectric thin film on a buffer thin film, and it will 
become difficult to make a ferroelectric thin film produce predetermined compressive stress. 
[0077] For example, when BaTi03 is used as a ferroelectric thin film material using Zr02 later 
mentioned as a buffer thin film material, the lattice constant (xB) within the field of Zr02 (001) 
film formed on Si substrate at 600 degrees C is 0.519nm, and the lattice constant (xFO) of 600- 
degree C BaTi03 bulk material is 0.403nm. Therefore, a gap (misfit) of a lattice constant is set to 
xF0/xB=0.776, and when each of n and m is set to 1 in the above-mentioned formula, it does not 
satisfy the above-mentioned formula. However, a grid has consistency by each integral multiple 
(BaTi034 grid and Zr023 grid) in practice. That is, it is set to m= 4 and n= 3 then 1.612 / 1.557= 
1.035 in the above-mentioned formula, and the above-mentioned formula is satisfied. 
[0078] Hereafter, the oxide interlayer and electrode layer which are used as a buffer thin film are 
explained to a detail. 

[0079] An oxide middle class zirconium dioxide system layer zirconium dioxide system layer uses 
as a principal component the zirconium dioxide (fully stabilized zirconia) which used the 
zirconium dioxide as the principal component, or was stabilized by rare earth elements (Sc and Y 
are included). By preparing this layer, exfoliation of the electrode layer prepared on it and a 
ferroelectric thin film can be prevented. Moreover, since this layer has good grid adjustment with 
a ferroelectric, a crystalline high ferroelectric thin film is obtained. 
[0080] A zirconium dioxide and fully stabilized zirconia have the desirable thing of the 
presentation expressed with Zr1 -xRx02-delta (R is the rare earth elements containing Sc and 
Y). About x and delta, it mentions later. It is desirable that it is at least one sort chosen from Y, 
Pr, Ce, Nd, Gd, Tb, Dy, Ho, and Er as R. 

[0081] As for a zirconium dioxide system layer, it is desirable to have single crystal orientation. 
Since a grain boundary exists in the layer which has two or more crystal faces, this is because 
the epitaxial growth of the electrode layer on it or a ferroelectric thin film becomes impossible. 
When it is going to form the electrode layer and ferroelectric thin film of orientation (001), 
specifically a zirconium dioxide system layer It is desirable that it is ****** or monoclinic system 
single (001) orientation, or is cubic single (100) orientation. Moreover, when it is going to form 
the electrode layer of orientation (111), and the ferroelectric thin film of orientation (0001), it is 
desirable that a zirconium dioxide system layer is single (111) orientation, and even when it is 
any, it is more desirable that it is an epitaxial film. If such a good crystalline zirconium dioxide 
system layer can be formed, the disturbance of the physical quantity by the grain boundary etc. 
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will be lost, and a good electrode layer and a ferroelectric thin film will be obtained on a 
zirconium dioxide system layer. 

[0082] When the laminating of the oxide interlayer (Zr1-xRx02-delta) is carried out to Si (100) 
substrate front face, as for such orientation relationship, it is desirable that they are Zr1~ 
xRxO2-delta(001)// Si (100). 

[0083] Moreover, when the laminating of the oxide interlayer (Zr1-xRx02-delta) is carried out to 
Si (1 1 1) substrate front face, as for such orientation relationship, it is desirable that they are 
Zr1-xRx02~delta(111)// Si (111). 

[0084] Zr02 It applies to a room temperature from an elevated temperature, and a cubic -> 
tetragonal -> monoclinic system and phase transition are produced. It is the fully stabilized 
zirconia which added rare earth elements in order to stabilize a cubic. It depends for the 
crystallinity of the Zr1-xRx02-delta film on the range of x. x becomes ****** or a monoclinic 
system crystal in the presentation region which is less than 0.2 as reported to 
Jpn.J.Appl.Phys.27(8) L1404-L1405 (1988X Until now, in 0.2 or more cubic fields, the epitaxial 
film of single orientation is obtained for x. However, although x is a cubic in the field exceeding 
0.75, single orientation is not obtained but the crystal of orientation (111) mixes it, for example 
(100). On the other hand, in the field used as ****** or a monoclinic system, orientation sides 
other than what it is going to obtain mix, and the epitaxial film of single orientation is not 
obtained as stated also to J.AppLPhys.58(6)2407-2409 (1985). 

[0085] Therefore, in order to consider as cubic (100) single orientation, as for x, in Zr1~x Rx 02- 
delta, it is desirable that it is 0.2-0.75. The more desirable range of x in this case is 0.2-0.50. If a 
zirconium dioxide system layer is an epitaxial film, it will be easy to carry out epitaxial growth of 
the electrode layer and ferroelectric thin film which are formed on it. On the other hand, when 
considering as single (111) orientation using a substrate (1 1 1), x is good in 0.75 super-****. In 
addition, when x is 1 , it becomes the rare earth oxide layer mentioned later. 
[0086] In order for the rare earth elements which fully stabilized zirconia contains to make the 
lattice constant of the layer prepared on the lattice constant of Si substrate, and a zirconium 
dioxide system layer, and the lattice constant of a zirconium dioxide system layer match 
preferably, the class and addition are chosen. Although a lattice constant is changeable if x is 
changed with the class of rare earth elements fixed, the field of matching in modification of only 
x which can be adjusted is narrow. Here, if it changes to Y and Pr is used, it will be possible to 
enlarge a lattice constant and optimization of matching will become easy. 

[0087] In addition, the zirconium dioxide which does not include an oxygen defect is a chemical 
formula Zr02. Although expressed, with the class, amount, and valence of the rare earth 
elements which added the zirconium dioxide which added rare earth elements, the amount of 
oxygen changes and delta in Zr1-x Rx 02-delta is usually set to 0-0.5. 

[0088] In Zr1-x Rx 02-delta, as mentioned above, crystallinity did not become fitness, and good 
front-face nature was not obtained in the field whose x is less than 0.2, and especially the 
presentation region of a high grade where the ratio of Zr in the configuration element except 
oxygen exceeds 93-mol%, either. However, as a result of this invention persons' repeating 
examination, by applying the manufacture approach mentioned later showed the above- 
mentioned single orientation and that epitaxial growth became still more possible and a value 
also with good front-face nature was acquired. Since insulation resistance becomes high and 
leakage current becomes small, Zr02 film of a high grade is desirable when it needs an insulating 
property. 

[0089] therefore, the ratio of Zr in the configuration element excluding the oxygen in a zirconium 
dioxide system layer when good crystallinity and front-face nature are obtained — desirable 
93mol% ** — more — desirable — more than 95mol% — further — desirable — more than 
98mol% — it is more than 99.5mol% most preferably. Oxygen and the configuration element 
except Zr are usually rare earth elements, P, etc. In addition, now, the upper limit of the ratio of 
Zr is about 99.99mol%. Moreover, with the current high grade-ized technique, since separation 
with Zr02 and Hf02 is difficult, the purity of Zr02 has usually pointed out the purity in Zr+Hf. 
Therefore, although the purity of Zr02 in this specification is the value computed by having 
considered that Hf and Zr were these elements, since Hf02 functions completely like Zr02 in 
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the zirconium dioxide system layer in this invention, it is satisfactory. 
[0090] In addition, when forming an oxide interlayer, it is spread near the front face of the 
substrate with which the oxygen in an oxide interlayer consists of Si etc., near a substrate front 
face oxidizes shallowly (for example, about 5nm or less), and oxidizing zones, such as Si02, may 
be formed. Moreover, depending on the approach of membrane formation, Si oxide layer etc. may 
remain on the front face of substrates, such as Si, at the time of oxide interlayer formation. 
[0091] As for a rare earth oxide system layer rare earth oxide system layer, it is desirable to 
consist of substantially rare earth oxides of Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, and Lu which contain at least one sort of Ce, Pr, Nd r Gd, Tb, Dy, Ho, and Er especially at 
least one sort. In addition, the ratio is arbitrary when using two or more sorts of rare earth 
elements. 

[0092] A rare earth oxide system layer is not based on the plane orientation of a substrate, but 
shows orientation (111). That is, for example, it becomes cubic (111) orientation also with Si 
(100) substrate or Si (111) substrate. For this reason, it is suitable when forming the 
ferroelectric thin film which consists of YMn03 system ingredients. 

[0093] Especially as a rare earth oxide system layer, 20Sc3 (111) layer is desirable. To the 
lattice constant of 0.341 8nm of Sc 203 (111), since array spacing of Mn in YMn03 (0001) 
stratification plane is 0.3540nm, both do lattice matching of it and the compressive stress by 
misfit generates it at the time of YMn03 (0001) stratification. 

[0094] However, since a rare earth oxide system layer becomes with orientation (001) in the 
case of the laminated structure in which the rare earth oxide system layer was formed on the 
zirconium dioxide system layer of orientation (001), it is suitable for formation of the ferroelectric 
thin film which consists of perovskite die materials or tungsten bronze die materials in this case. 
When the fully stabilized zirconia described above as the oxide middle class is used, a hysteresis 
is seen by the C-V property and it is inferior to the Zr02 high-grade film in this point. In this 
case, the hysteresis of a C-V property can be abolished by carrying out the laminating of the 
rare earth oxide system layer on a zirconium dioxide system layer. Moreover, matching of the 
lattice matching between ferroelectric thin films becomes better by carrying out the laminating 
of the rare earth oxide system layer. When the laminating of the rare earth oxide system layer is 
carried out, element distribution may be the uniform film and a zirconium dioxide system layer 
may be inclination structure film from which a presentation changes in the direction of thickness. 
When considering as the inclination structure film, while applying to a rare earth oxide system 
layer side from a substrate side and increasing gradually or gradually the rare-earth-elements 
content in a zirconium dioxide system layer, Zr content is decreased gradually or gradually. By 
considering as such inclination structure film, it becomes easy for the misfit of the grid between 
a zirconium dioxide system layer and a rare earth oxide system layer to become small, or to stop 
existing, and to use a rare earth oxide system layer as the epitaxial film of high crystallinity. As 
for the rare earth elements added in a rare earth oxide system layer, in the case of such a 
laminated structure, it is desirable to use the same thing as the rare earth elements added in a 
zirconium dioxide system layer. 

[0095] An additive may be introduced into a zirconium dioxide system layer and a rare earth 
oxide system layer for a property improvement. For example, if alkaline earth elements, such as 
calcium and Mg, are doped in these layers, membranous pinholes can decrease in number and 
leak can be controlled. Moreover, aluminum and Si are effective in raising membranous 
resistivity. Furthermore, transition-metals elements, such as Mn, Fe, Co, and nickel, can form 
[ be / it / under / film / setting ] the level (trap level) by the impurity, and conductive control is 
attained by using this level. 

[0096] A perovskite substrate layer perovskite substrate layer consists of perovskite mold 
compounds of the AB03 mold described in explanation of a ferroelectric thin film. A perovskite 
substrate layer is prepared if needed, in order to raise the crystallinity of the ferroelectric thin 
film which consists of a perovskite mold compound or a tungsten bronze mold compound. The 
component of a perovskite substrate layer is BaTi03, SrTi03, or these solid solutions preferably, 
and is BaTi03 more preferably. A perovskite substrate layer consists of compounds with which 
the grid adjustment between a zirconium dioxide system layer or a rare earth oxide system layer 
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is good, and differs from a ferroelectric thin film component. 

[0097] For example, although it is difficult to obtain the ferroelectric thin film which has the 
desirable crystal orientation mentioned above when forming the ferroelectric thin film which 
consists of rare earth content lead titanate mentioned above in contact with a zirconium dioxide 
system layer or a rare earth oxide system layer, the crystal orientation made into the purpose is 
realizable by forming the ferroelectric thin film of rare earth content lead titanate through the 
perovskite substrate layer which consists of BaTi03 grade. 

[0098] Moreover, although it is difficult to obtain the electrode layer of tetragonal (001) 
orientation which is mentioned later, or cubic (100) orientation when forming the electrode layer 
mentioned later in contact with a zirconium dioxide system layer or a rare earth oxide system 
layer, the crystal orientation made into the purpose is realizable by forming an electrode layer 
through the perovskite substrate layer which consists of BaTi03 grade. 

[0099] It is desirable that the c~th page carries out orientation to single (001) orientation, i.e., a 
substrate front face, and parallel individually when it is ******* and when it is a cubic, it is 
desirable that the a~th page carries out orientation to single (100) orientation, i.e., a substrate 
front face, and parallel individually, and even when it is any, it is more desirable [ a perovskite 
substrate layer ] that it is an epitaxial film. 

[0100] And as for the orientation relationship of a zirconium dioxide system layer and a 
perovskite substrate layer, it is desirable that they are perovskite (001)//Zr1-xRxO2-delta 
(001)// Si (100) and perovskite [100] / /Zr1~xRxO2-delta[100]// Si [010]. In addition, although 
this is the case where each class is ******, even when each class is a cubic, it is the same at 
the point that it is desirable that shafts are parallel in a film surface. 
[0101] As a metal which constitutes an electrode layer electrode layer, the metal simple 
substance or alloy containing at least one sort of Au, Pt, Ir, Os, Re, Pd, Rh, and Ru is desirable. 
As conductive ingredients other than a metal, a conductive oxide is desirable and the ingredient 
which contains the following conductive oxides especially is desirable. 

[0102] NaCI mold oxide: TiO, VO, NbO, RO 1-x (R: here, one or more kinds of rare earth (Sc and 
Y are included), 0<= x< 1), LiV02 grade. 

[0103] Spinel mold oxide: LiTi 204, LiMxTi2~x04 (here, it is M=Li, Or [ aluminum and Cr ], and 0< 
x<2), LM-xMxTi 204 (being here M=Mg t Mn, 0< x<1), LiV204, Fe304, etc. 

[0104] Perovskite mold oxide: Re03, W03, MxRe03 (here) M metal, 0< x<0.5, MxW03 (here, it is 
M= metal and 0< x<0.5), A2P8W3201 12 (here) A=K, Rb and Tl, and NaxTayWI- y03 (here, it is 
0<=x<1 and 0< y<1) and RNb03 (here) R: One or more kinds of rare earth (Sc and Y are 
included), Na1~xSrxNb03 (here) 0<=x<=1, RTi03 (here, R: one or more kinds of rare earth (Sc 

and Y are included)), Can+1Tin03n+1-y (here) n= — 2, 3 y> 0, CaV03 and SrV03, and R1- 

xSrxV03 (here) R: One or more kinds of rare earth (Sc and Y are included), 0<=x<=1, R1- 
xBaxV03 (here) R: One or more kinds of rare earth (Sc and Y are included), 0<=x<=1, 

Srn+1Vn03n+1-y (here) n= 1, and 2 and 3 y> 0, and Ban+1 Vn03n+1~y (here) n= 1, and 2 and 

3 y> 0, and R4BaCu5013-y (here) R: One or more kinds of rare earth (Sc and Y are included), 

0<=y, R5SrCu 6015 (here) R: One or more kinds of rare earth (Sc and Y are included), R2SrCu 
206.2 (here) R: One or more kinds of rare earth (Sc and Y are included), R1~xSrxV03 (here) R: 
One or more kinds of rare earth (Sc and Y are included), CaCr03, SrCr03, RMn03 (here) R: One 
or more kinds of rare earth (Sc and Y are included), R1~xSrxMn03 (here) R: One or more kinds 
of rare earth (Sc and Y are included), 0<=x<=1, R1-xBaxMn03 (here) R: Rare earth [ one or more 
kinds of ] (Sc and Y are included), 0<=x<=1, and calcium1-xRxMn03-y (here) R: One or more 
kinds of rare earth (Sc and Y are included), 0<"x<=1, 0<=y, CaFe03, SrFe03, BaFe03, SrCo03, 
BaCo03, RCo03 (here) R: One or more kinds of rare earth (Sc and Y are included), R1- 
xSrxCo03 (here) R: One or more kinds of rare earth (Sc and Y are included), 0<~x<=1, R1- 
xBaxCo03 (here) R: One or more kinds of rare earth (Sc and Y are included), 0<=x<=1. RNi03 
(here) R: One or more kinds of rare earth (Sc and Y are included), RCu03 (here) R: One or more 
kinds of rare earth (Sc and Y are included), RNb03 (here) R: — one or more kinds of rare earth 
(Sc and Y are included), and Nb12 — 029, CaRu03, and calcium1-xRxRu1-yMny03 (here) R: 
One or more kinds of rare earth (Sc and Y are included), 0<=x<=1, 0<=y<=1, SrRu03, caiciuml- 
xMgxRu03 (here) 0<=x<=1 and calciuml- xSrxRu03 (here, it is 0< x<1), BaRu03, and calciuml- 
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xBaxRu03 (here) 0< x<1, RuO (Ba, Sr)3, Ba1-xKxRu03 (here) 0< x<=1, RuO (R, Na)3 (here, R: 
one or more kinds of rare earth (Sc and Y are included)), RhO (R, M)3 (here) R: One or more 
kinds of rare earth (Sc and Y are included), M=calcium, Sr, Ba, Srlr03 and BaPb03, PbO(Ba, Sr) 
3-y (here) 0<=y<1, BaPb1-xBix03 (here, it is 0< x<=1), Ba1-xKxBi03 (here) 0< x<=1, Sr(Pb, Sb) 
03-y (here, it is 0<=y<1), Sr(Pb, Bi) 03-y (here) 0<=y<1 , Ba(Pb, Sb) 03-y (here, it is 0<=y<1), Ba 
(Pb, Bi) 03-y (here, it is 0<=y<1), MMo03 (here, they are M-calcium, and Sr and Ba), TiO 3~x 
(being here 0<=x) (Ba, calcium, Sr), etc. 

[0105] Stratified perovskite moid oxide (K2NiF4 mold is included): Rn+1Nin03n+1 (here) It is one 
or more kinds, the integer of n=1-5, and Rn+1Cun03n+t (here) among R:Ba, Sr, and rare earth 
(Sc and Y are included), the inside of R:Ba, Sr, and rare earth (Sc and Y are included) — one or 
more kinds and n= — the integer of 1-5, Sr2Ru04, Sr2Rh04, Ba2Ru04, Ba2Rh04, etc. 
[0106] Pyrochlore mold oxide: R2V207-y (R: here, one or more kinds of rare earth (Sc and Y are 
included), 0<= y< 1), TI2Mn207-y (here) 0<=y<1, R2Mo207-y (R: here, one or more kinds of rare 
earth (Sc and Y are included), 0<= y< 1), R2Ru207-y (here) They are one or more kinds, 0<=y<1, 
and Bi2-xPbxPt2-xRux07-y (here) among R:TI, Pb and Bi, and rare earth (Sc and Y are 
included). 0<=x<=2, 0<=y<1, Pb2(Ru, Pb) 07-y (here) 0<=y<1, R2Rh207-y (here, it is one or more 
kinds and 0<=y<1 among R:TI, Pb, Bi and Cd, and rare earth (Sc and Y are included)), R2Pd207-y 
(here) They are one or more kinds, 0<=y<1, and R2Re207-y (here) among R:TI, Pb, Bi and Cd, 
and rare earth (Sc and Y are included). They are one or more kinds, 0<=y<1, and R20s207~y 
(here) among R:TI, Pb. Bi and Cd, and rare earth (Sc and Y are included). They are one or more 
kinds, 0<=y<1, and R2Ir207-y (here) among R:TI, Pb, Bi and Cd, and rare earth (Sc and Y are 
included). They are one or more kinds, 0<=y<1, R2Pt207-y (here, it is one or more kinds and 
0<=y<1 among R:TI, Pb, Bi and Cd, and rare earth (Sc and Y are included)), etc. among R:TI, Pb, 
Bi and Cd, and rare earth (Sc and Y are included). 

[0107] Other oxides: R4Re 6019 (here, R: one or more kinds of rare earth (Sc and Y are 
included)), R4Ru 6019 (here) R : One or more kinds of rare earth (Sc and Y are included), Bi3Ru 
301 1, V203, Ti203, Rh203, V02 ( Cr02, Nb02, Mo02, W02, Re02, Ru02, Rh02, Os02, Ir02, 
Pt02 and Pd02, V305, Vn02n-1 (integer of n= 4 to 9), SnO 2-x (here) 0<=x<1, La2Mo207, O 
(M, Mo) (here, they are M=Na, and K, Rb and Tt), Mon03n-1 (n= 4, 8, 9, 10), Mo 17047, Pd1- 
xLixO (being here x<=0.1), etc. The oxide containing In. 

[0108] The oxide or the conductive perovskite oxide which contains In especially among these is 
desirable. In 203, In203 (Sn dope), RCo03, RMn03 and RNi03, R2Cu04, CoO (R, Sr)3, RuO (R, 
Sr, calcium)3, RuO (R, Sr)3, SrRu03, MnO (R, Sr)3 (rare earth with which R contains Y and Sc), 
especially And those related compounds are desirable. 

[0109] (001) It is desirable that an electrode layer is tetragonal (001) single orientation when it is 
going to form the ferroelectric thin film of orientation, or it is cubic (100) single orientation, and 
when it is going to form the ferroelectric thin film of hexagonal (0001) orientation, as for an 
electrode layer, it is desirable that it is single (111) orientation, and even when it is any, it is 
more desirable [ an electrode layer ] that it is an epitaxial film. 

[0110] When it is going to form the electrode layer of tetragonal (001) orientation or cubic (100) 
orientation, as for an oxide interlayer, it is desirable that it is orientation (001), and when it is 
going to form the electrode layer of orientation (111), as for an oxide interlayer, it is desirable 
that it is orientation (111). However, when an electrode layer consists of metals, the electrode 
layer of orientation (111) can be formed on the buffer thin film of orientation (001). When an 
electrode layer consists of metals, in order to make an electrode layer into orientation certainly 
(001), it is desirable to prepare the above-mentioned perovskite substrate layer. 
[0111] As for the crystallographic-axis orientation relationship between Si single crystal 
substrate, an electrode layer, and a ferroelectric thin film, it is desirable that they are perovskite, 
or tungsten bronze [100]// electrode layer [100]//Si [010]. Moreover, as for field orientation 
relationship, it is desirable that they are perovskite, or tungsten bronze (001)// electrode layer 
(001)// Si (100). In addition, although this is the case where an electrode layer is ******, even 
when an electrode layer is a cubic, it is the same at the point that it is desirable that shafts are 
parallel in a film surface. 

[01 12] As for the specific resistance of an electrode layer, it is desirable that they are 10-7 - 
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10-2ohmcm. Moreover, the electrode layer may consist of superconducting materials. 
[011 3] As the substrate above-mentioned was carried out, it is desirable to use what has Si 
(100) side or Si (1 1 1) side on a front face as an Si single crystal substrate. 
[01 14] In order that each class and the electrode layer which constitute, the crystaliinity, the 
front-face nature, and the thickness buffer thin film, i.e., the oxide interlayer, of each class, may 
raise the crystaliinity of the layer formed on it, its crystaliinity is good and it is desirable that a 
front face is flat at a molecular level. Moreover, also as for a ferroelectric thin film, it is desirable 
that a front face is flat by the above-mentioned reason at high crystaliinity. 
[01 15] The crystaliinity of each class can be evaluated by the half-value width of the rocking 
curve of the reflective peak in XRD (X diffraction), and the pattern of the image by RHEED. 
Moreover, the streak nature of a RHEED image and the surface roughness (ten-point average of 
roughness height) measured by AFM can estimate front-face nature. 
[0116] As for a ferroelectric thin film, an electrode layer, and the oxide middle class, it is 
desirable to have the crystaliinity of extent from which the half-value width of the rocking curve 
of reflection of the field by the X diffraction (002) becomes 1.50 degrees or less. Moreover, 2nm 
or less of surface roughness Rz (ten-point average of roughness height, criteria die length of 
500nm) measured by AFM is 0.60nm or less more preferably, it is [ at an oxide interlayer ] 10nm 
or less preferably in an electrode layer, and is 0.60nm or less preferably 2nm or less in a 
ferroelectric thin film. In addition, the front face of each class is desirable and, as for such 
surface roughness, it is more preferably desirable to have realized in 95% or more of field still 
more preferably 90% or more 80% or more. The above-mentioned surface roughness is a value 
which measures ten or more places of the arbitration distributed over the average over the with 
a 10cm area [ or more 2 ] field, when each class is formed over the whole substrate surface. In 
this specification, when ten or more places are measured as mentioned above as Rz is 2nm or 
less at 80% or more on the front face of a thin film, it means that Rz is 2nm or less in 80% or 
more of the part. In addition, surface roughness Rz is JIS. B It is specified to 0610. 
[01 1 7] Although there are not half-value width of a rocking curve and especially a lower limit of 
Rz, and it is so desirable that it is small, now, generally, about 0.7 degrees especially of lower 
limits of about 0.4 degrees and Above Rz of the lower limit of the half-value width of a rocking 
curve are about 0.1 Onm. 

[0118] A RHEED image is a streak, and moreover, when sharp, the crystaliinity of each class and 
surface surface smoothness will be excellent. 

[0119] Generally, although the thickness of an electrode layer is about 50-500nm preferably, it is 
desirable that it is thin to extent by which crystaliinity and front-face nature are not spoiled. 
[0120] Generally, although an oxide interlayer's thickness is 10~50nm more preferably, it is 
preferably desirable that it is thin to extent which does not spoil crystaliinity and front-face 
nature 5-500nm. Moreover, as for the thickness in the case of using an oxide interlayer as an 
insulating layer, it is desirable that it is about 50-500nm. In addition, when considering an oxide 
interlayer as a multilayer configuration, as for the thickness of each class, it is desirable that it is 
0.5nm or more, and, as for the whole oxide interlayer's thickness, considering as the above- 
mentioned range is desirable. 

[0121] Although what is necessary is just the approach of forming, especially the formation 
approach of the manufacture approach ferroelectric thin film, an oxide interlayer, and an 
electrode layer not being limited, but using these as the single orientation film or an epitaxial film 
on Si substrate, it is desirable to use preferably vacuum deposition and the vacuum deposition 
currently especially indicated by Japanese Patent Application No. No. 219850 [ seven to ], 
Japanese Patent Application No. No. 240607 [ seven to ], Japanese Patent Application No. No. 
186625 [ eight to ], etc. 

[0122] Hereafter, the case where rare-earth-elements content lead titanate is used for a 
ferroelectric thin film is explained as an example of the manufacture approach. 
[0123] In enforcing the manufacture approach of formation ****** of a ferroelectric thin film, it 
is desirable to use vacuum evaporationo equipment 1 as shown in drawing 6 . Here, although the 
PGT thin film which is the presentation which added Gd is mentioned as an example and 
explained to PbTi03, the thin film which consists of other rare earth content lead titanate 
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system ferroelectric ingredients can be manufactured similarly. 

[0124] Vacuum evaporations equipment 1 has vacuum tub 1a in which vacuum pump P was 
prepared, and the holder 3 which holds a substrate 2 in the lower part is arranged in this vacuum 
tub 1a. It connects with the motor 5 through the revolving shaft 4, and can rotate by this motor 
5, and this holder 3 can rotate a substrate 2 now in that field. The above-mentioned holder 3 
builds in the heater 6 which heats a substrate 2. 

[0125] Vacuum evaporationo equipment 1 is equipped with the oxidizing gas feeder 7, and, as for 
the oxidizing gas feed hopper 8 of this oxidizing gas feeder 7, the above-mentioned holder 3 is 
arranged immediately caudad. As for a oxidizing gas, the partial pressure is made high with about 
two substrate by this. Below, the PbO evaporator 9, the TiOx evaporator 10, and the rare-earth- 
elements evaporator 1 1 are arranged at the pan of a holder 3. The energy supplying devices (an 
electron ray generator, resistance heating equipment, etc.) for supplying the energy for 
evaporation other than each evaporation source are arranged at each [ these ] evaporator. 
[0126] Although the reason using an oxide (PbO) as a lead evaporation source is re-evaporated 
if Pb is used for an evaporation source and cannot adhere to a substrate front face easily on a 
hot substrate since the vapor pressure of Pb is high, it is because deposit efficiency will 
increase if PbO is used, and is because the reason using TiOx has high deposit efficiency 
similarly. When Ti is used instead of TiOx, in order that Ti may tend to oxidize rather than PbO, 
since oxygen is taken by Ti, PbO serves as Pb and this re-evaporates it, it is not desirable. 
[0127] x [ in addition, ] in TiOx — desirable — 1<=x<1.9 — more — desirable — 1<=x<1.8 — 
further — desirable — 1.5<=x<=1.75 — it is 1.66<=x<=1.75 especially preferably. If such TiOx 
adds heat energy, it will fuse within a vacuum tub and the stable vapor rate will be obtained. On 
the other hand, since the vapor rate which the pressure fluctuation in a vacuum tub became 
large, and was stabilized in order to change to TiOx, emitting oxygen within a vacuum tub if heat 
energy is added is not obtained, presentation control is impossible for Ti02. 
[0128] First, a substrate is set to the above-mentioned holder. Although various kinds of things 
mentioned above can be used for a substrate ingredient, among these, Si single crystal substrate 
is desirable. It is desirable to use especially the field (100) of Si single crystal so that it may 
become a substrate front face. Moreover, it is also desirable to use as a substrate the single 
crystal plate in which the above mentioned zirconium dioxide system layer, the rare earth oxide 
system layer, the perovskite substrate layer, the electrode layer, etc. were formed. 
[0129] By this manufacture approach, a homogeneous ferroelectric thin film can be formed on a 
large area substrate, for example, a substrate with 1 0cm two or more area. Thereby, the electron 
device and record medium which have a ferroelectric thin Film can be made very cheap compared 
with the former. In addition, although there is especially no upper limit of the area of a substrate, 
in the present condition, it is about [ 400cm ] two. Although the present semi-conductor process 
has 2-8 inches Si wafer and a thing especially in use using a 6 inch type wafer, by this approach, 
it can respond to this. Moreover, it is possible not the whole wafer surface but to choose with a 
mask etc. partially and to form a ferroelectric thin film. 

[0130] Next, the ferroelectric thin film is formed by heating a substrate in a vacuum and 
supplying PbO. TiOx and Gd, and a oxidizing gas to a substrate front face. 

[0131] As for especially whenever [ stoving temperature ], it is desirable to consider as 550-650 
degrees C 500-700 degrees C. A crystalline high ferroelectric thin film is it hard to be obtained 
to be less than 500 degrees C. If it exceeds 700 degrees C, Si of a lead steam and a substrate 
etc. will react and the crystalline lead system ferroelectric film will be hard to be obtained. 
Moreover, also when forming a ferroelectric thin film on electrode layers, such as Pt, a reaction 
with Pt will arise. 

[0132] As the above-mentioned oxidizing quality gas, although oxygen, ozone, atom-like oxygen, 
N02, radical oxygen, etc. can be used, it is desirable to consider as the oxygen which radical- 
ized the great portion of oxidizing quality the great portion of [ a part or ]. 
[0133] Here, the case where the radical oxygen by the source of ECR oxygen is used is 
explained. 

[0134] Most supplies the radicaHzed oxygen gas continuously in a vacuum deposition tub from 
the source of ECR oxygen, exhausting the inside of a vacuum tub continuously with a vacuum 
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pump. As for oxygen tension [ / near the substrate ], it is desirable that they are 10-3 - 10- 
1Torr extent. The upper limit of oxygen tension was set to 10-1Torr for keeping the vapor rate 
constant without degrading the metal in the evaporation source in a vacuum tub. It faces 
introducing oxygen gas into a vacuum deposition tub, and gas is injected from the near on the 
surface of a substrate, it can be good to build the ambient atmosphere of high oxygen tension 
only near the substrate, and, thereby, the reaction on a substrate can be promoted more in the 
small amount of gas installation. Since the inside of a vacuum tub is continuously exhausted at 
this time, almost all the parts of a vacuum tub have a low pressure of 10-4 - 10-6Torr. The 
amount of supply of oxygen gas is a part for 5-25 cc/preferably by 2-50 cc/. Since the optimal 
amount of supply of oxygen gas is decided by the volume of a vacuum tub, and the factor of a 
pumping speed and others, it calculates the suitable amount of supply beforehand. 
[0135] With an electron beam etc., each evaporation source is heated, is evaporated, and is 
supplied to a substrate. A membrane formation rate is 0.100 - 0.500 nm/s more preferably 0.05 
to 1.00 nm/s. If a membrane formation rate is too slow, it will become difficult to keep a 
membrane formation rate constant and the film will tend to become heterogeneity. On the other 
hand, if a membrane formation rate is too quick, the crystallinity of the thin film formed is bad 
and irregularity will arise on a front face. 

[0136] What is necessary is just to supply them on a substrate with the vapor rate of the ratio 
corresponding to the presentation ratio made into the purpose, since TiOx and Gd are 
incorporated by the PGT crystal as which it supplied and with which the whole quantity grows on 
a substrate mostly. However, since vapor pressure is high, a lifting and the control to like are 
difficult for PbO in a presentation gap. With the ferroelectric ingredient of a lead system, there is 
no presentation gap and the thin film more near a single crystal is not obtained until now. In this 
invention, this property of PbO is used conversely and the supply quantitative ratio to the 
substrate from a PbO evaporation source is made superfluous to the ratio in the PGT film 
crystal formed, the relation between atomic ratio Pb/Ti=E (Pb/Ti) of Pb and Ti to which the 
degree of overage is supplied from an evaporation source, and atomic ratio Pb/Ti=F (Pb/Ti) of 
Pb and Ti in the presentation of the ferroelectric thin film with which it was formed — E 
(Pb/Ti)/F(Pb/Ti) =1.5-3.5 — they are E(Pb/Ti)/F(Pb/Ti) =1.7-2.5 and the thing more preferably 
set to E(Pb/Ti)/F(Pb/Ti) =1.9-2.3 preferably. PbO which is not included in superfluous PbO or a 
superfluous perovskite structure will be re-evaporated on a substrate front face, and only the 
PGT film of a perovskite structure will grow on a substrate. If E (Pb/Ti")/F (Pb/Ti) is too small, it 
becomes difficult to fully supply Pb into the film, and the ratio of (Pb+R)/Ti in the film will 
become low too much, and will not serve as a crystalline high perovskite structure. On the other 
hand, if E (Pb/Ti)/F (Pb/Ti) is too large, the ratio of (Pb+R)/Ti in the film will become large too 
much, other Pb rich phases will appear besides a perovskite phase, and perovskite single phase 
structure will no longer be acquired. 

[0137] As explained above, by raising deposit efficiency, using PbO and TiOx as an evaporation 
source, and oxidizing powerfully by radical oxygen, and setting substrate temperature as the 
predetermined range, the excess and deficiency of Pb twist and the PGT crystal of 
stoichiometry grows in self align on a substrate mostly. This approach is an epoch-making 
method of manufacturing the lead system perovskite crystal thin film of stoichiometry, and a 
crystalline, very high ferroelectric thin film is obtained. 

[0138] When forming membranes on the front face of the substrate which is the diameter of 2 
inches when membrane formation area is 10cm about [ 2 or more ] for example, oxidation 
reaction can be promoted throughout a membrane formation field by rotating a substrate, as 
shown in drawing 6 , and supplying a oxidizing gas uniformly throughout a substrate front face. 
Thereby, moreover, formation of the homogeneous film is attained by the large area. As for the 
rotational frequency of a substrate, at this time, it is desirable that they are ten or more rpm. If a 
rotational frequency is low, it will be easy to produce distribution of thickness in a substrate side. 
Although there is especially no upper limit of the rotational frequency of a substrate, it usually 
becomes device top 120rpm extent of vacuum devices. 

[0139] As mentioned above, although the detail of the manufacture approach of a ferroelectric 
thin film was explained, since especially this manufacture approach can be enforced in the 
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comparison with the conventional vacuum evaporation technique, the sputtering method, the 
laser abrasion method, etc. under the operating condition which does not have the room of 
mediation of an impurity so that clearly and which is moreover easy to control, it is suitable to 
obtain the specified substance with good repeatability and high integrity by the large area. 
[0140] Even if it furthermore uses MBE equipment in this approach, the target thin film can 
completely be obtained similarly. 

[0141] Although how to manufacture the thin film of a rare-earth-elements addition lead titanate 
system was described above, this approach can be applied to PT system ingredient which does 
not add rare earth elements, a PZT system ingredient, etc., and the same effectiveness is 
acquired also by these cases. Moreover, it is applicable also to Bi system oxide thin film. Also in 
Bi system oxide thin film, although presentation control was inadequate in the vacuum until now 
since the vapor pressure of Bi was high, it is checking that it can manufacture similarly by 
changing a PbO evaporation source to 20Bi3 evaporation source in this approach. Also in Bi 
system, Bi is incorporated by the crystal in self align without excess and deficiency, and the 
ferroelectric thin film crystal of stoichiometry is obtained. 

[0142] When using an Si substrate surface-preparation Si single crystal substrate, it is desirable 
to perform surface preparation to a substrate before formation of a buffer thin film. Below, the 
need for surface treatment is explained. 

[0143] Generally the surface structure in the number atomic layer on the front face of a crystal 
differs from the atomic arrangement structure of the imagination front face considered when the 
crystal structure of bulk (big three dimension crystal) is cut. This is because the situation around 
the atom which appeared in the front face when the crystal of one side stopped there not being 
tends to change and it is going to be in the lower stable condition of energy corresponding to 
this. The case where it stops at relaxation of an atomic location, and recombination of an atom 
mainly arise, and the structural change may form rearrangement structure. The former exists on 
almost all the crystal front face. Generally the latter forms a superstructure in a front face. This 
is called mxn structure, when setting magnitude of the unit vector of the surface structure of 
bulk to a and b and the superstructure of the magnitude of ma and nb arises. 
[0144] In order to carry out epitaxial growth of the oxide thin film on Si substrate, the structure 
of Si substrate front face is stable, and the role which Si substrate front face reports that the 
crystal structure information is to the oxide thin film to grow up must be played. Since the 
atomic arrangement structure considered when the bulk crystal structure is cut is 1x1 structure, 
the surface structure of the substrate for carrying out epitaxial growth of the oxide thin film 
needs to be 1x1 stable structure. 

[0145] However, since the front face of defecated Si (100) serves as 1x2 or 2x1 structure so 
that it may mention later, and the front face of Si (111) becomes complicated supramolecular 
structure with the big unit mesh of 7x7 or 2x8 structure, it is not desirable. 

[0146] Moreover, these defecated Si front faces are rich in reactivity, the residual gas especially 
hydrocarbon, and reaction in a vacuum are caused, by forming SiC in a front face, a substrate 
front face is polluted especially with the temperature (700 degrees C or more) which carries out 
epitaxial formation of the oxide thin film, and a surface crystal is confused at it. Therefore, on 
the occasion of formation of an oxide thin film, it is necessary to protect Si front face which was 
rich in reactivity. 

[0147] Since it is such, it is desirable to perform surface treatment to Si single crystal substrate 
by the following approaches. 

[0148] By this approach, it sets to the holder which shows Si single crystal substrate with which 
the front face was defecated first to drawing 6 , and arranges in a vacuum tub, and it heats, 
introducing a oxidizing gas, and Si oxide layer is formed in a substrate front face. Air may be 
used although the thing same as a oxidizing gas as the case of the above-mentioned 
ferroelectric thin film can be used. Si oxide layer is for protecting a substrate front face from a 
rearrangement, contamination, etc. As for Si oxide layer thickness, it is desirable to be referred 
to as about 0.2-1 Onm. It is because protection of Si front face becomes imperfect for thickness 
to be less than 0.2nm. The reason for having set the upper limit to 10nm is mentioned later. 
[0149] Grade maintenance is carried out for 0 - 10 minutes, and the above-mentioned heating is 
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carried out to the temperature of 300-700 degrees C. At this time, a programming rate is carried 
out in about 30-70 degrees C/minute. Temperature is too high, or if a programming rate is too 
quick, formation of Si oxide layer will become inadequate, and conversely, temperature will be too 
low, or if the holding time is too long, Si oxide layer will become thick too much. 
[0150] When using oxygen as a oxidizing gas, as for installation of a oxidizing gas, it is desirable 
that make the inside of a vacuum tub into the vacuum of 1x10-7 - 1x10-4Torr extent at the 
beginning, and the oxygen tension in the ambient atmosphere near the substrate carries out by 
[ as being set to 1x10-4 - 1x10-1Torr ] at least by installation of a oxidizing gas. 
[0151] It heats in a vacuum after the above-mentioned process. Since Si crystal on the front 
face of a substrate is protected by Si oxide layer, it reacts with the hydrocarbon which is 
residual gas, and contamination of SiC being formed does not generate it. As for especially 
whenever [ stoving temperature ], it is desirable to consider as 700-1 100 degrees C 600-1200 
degrees C. 1x1 structure is not acquired on Si single crystal substrate front face as it is less 
than 600 degrees C. If it exceeds 1200 degrees C, protection of Si crystal by Si oxide layer 
becomes less enough, and the crystallinity of Si single crystal substrate will be confused. 
[0152] Subsequently, Zr and a oxidizing gas and Zr f rare earth elements (Sc and Y are included), 
and a oxidizing gas are supplied to a substrate front face. In this process, metals, such as Zr, will 
return and remove Si oxide layer formed at the last process. The surface structure of 1x1 is 
formed in Si crystal front face exposed to coincidence of Zr and oxygen or Zr, rare earth 
elements, and oxygen. 

[0153] The pattern of the image by RHEED can investigate a surface structure. For example, in 
the case of the surface structure of 1x1 which is desirable structure, the direction of electron 
ray incidence serves as a perfect streak pattern of the 1 time period C1 as shown in drawing 7 
(a) by [110], and serves as the pattern completely same as for [1-10] in the direction of 
incidence. On the other hand, Si single crystal clean surface serves as a surface structure in 
which it is 1x2 or 2x1 in the case of a field (100). or 1x2 and 2x1 are intermingled. In such a case, 
the pattern of RHEED is the direction of incidence of an electron ray [110], either of [1-10], or 
both, and turns into a pattern with the 1 time period 01 as shown in drawing 7 (b), and 2 double 
periods C2. In the surface structure of 1x1, it sees by the pattern of Above RHEED, and the 
directions of incidence are both [110] and [1-10], and 2 double periods 02 are not seen. 
[0154] In addition, Si (100) clean surface may also show 1x1 structure, and our experiment was 
also observed several times. However, the conditions which show 1x1 are indefinite, and it is 
impossible in the present condition to obtain 1x1 with sufficient repeatability in respect of Si 
clarification to stability. 1x2, 2x1, and 1x1 — even if it is the case of which structure, it is easy 
to be polluted with an elevated temperature among a vacuum, Si clarification side reacts with the 
hydrocarbon contained especially in residual gas, and SiC forms it — having — the crystal on 
the front face of a substrate — turbulence — being easy . 

[0155] As for Zr or Zr, and rare earth elements, it is desirable that the thickness when vapor- 
depositing these in an oxidizing atmosphere and forming the oxide film supplies 0.3-10nm so that 
it may be especially set to about 3-7nm. The display of such the amount of supply is hereafter 
called amount of supply in oxide conversion. When effectiveness of reduction of Si oxide of the 
amount of supply in oxide conversion in less than 0.3nm cannot fully demonstrate but exceeds 
10nm, it becomes easy to generate the irregularity of atomic level on a front face, and the array 
of a surface crystal may be no longer 1x1 structure by irregularity. The reason for having set the 
desirable value of the upper limit of the above-mentioned Si oxide layer thickness to 10nm is 
that possibility that it becomes impossible to fully return Si oxide layer will come out even if it 
supplies a metal as mentioned above if it exceeds 10nm. 

[0156] When using oxygen as a oxidizing gas, it is desirable to supply about 2-50cc /a minute. 
Since the optimal amount of supply of a oxidizing gas is decided by the volume of a vacuum tub, 
and the factor of a pumping speed and others, it calculates the optimal amount of supply 
beforehand. 

[0157] As for a zirconium dioxide system layer, it is desirable among the formation approach 
buffer thin films of a zirconium dioxide system layer and a rare earth oxide system layer to form 
by the approach which these people already proposed in Japanese Patent Application No. No. 
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[0158] In formation of a zirconium dioxide system layer, a substrate is heated first. As for 
whenever [ stoving temperature / at the time of membrane formation ], it is desirable that it is 
400 degrees C or more because of crystallization of a zirconium dioxide, and if it is 750 degrees 
C or more, in order to obtain the film excellent in crystallinity and to obtain especially the 
surface surface smoothness of a molecular level, it is desirable that it is 850 degrees C or more. 
In addition, the upper limit of whenever [ stoving temperature / of a single crystal substrate ] is 
about 1300 degrees C. 

[0159] Subsequently, while heating Zr, evaporating it with an electron beam etc. and supplying a 
substrate front face, rare earth elements are supplied to a substrate front face oxidizing quality 
gas and if needed, and a zirconium dioxide system thin film is formed. A membrane formation 
rate is more preferably made into 0.100 - 0.500 nm/s 0.05 to 1.00 nm/s. If a membrane 
formation rate is too slow, it will become difficult to keep a membrane formation rate constant, 
on the other hand, if a membrane formation rate is too quick, the crystallinity of the thin film 
formed will worsen and irregularity will arise on a front face. 

[0160] In addition, about various conditions, such as oxygen tension the class of oxidizing gas, its 
amount of supply, and near the substrate, and rotation of a substrate, it is the same as that of 
the case of the above-mentioned ferroelectric thin film formation. 

[0161] What is necessary is to use only rare earth elements as an evaporation source, when 
carrying out the laminating of the rare earth oxide system layer on a zirconium dioxide system 
layer. The introductory conditions of the oxidizing quality gas at this time, the temperature 
conditions of a substrate, etc. are good like the case of a zirconium dioxide system layer then. 
When using the same rare earth elements in both thin films, when a zirconium dioxide system 
layer is formed in predetermined thickness, supply of Zr can be suspended, and a rare earth 
oxide system layer can be continuously formed by supplying only a rare earth metal 
succeedingly. Moreover, what is necessary is to reduce the amount of supply of Zr gradually and 
just to shift to formation of a rare earth oxide system layer as zero finally, in making a zirconium 
dioxide system thin film into inclination structure. 

[0162] The case where BaTi03 film is formed as a formation approach perovskite substrate layer 
of a perovskite substrate layer is explained. 

[0163] Ba and Ti are supplied to a substrate front face, continuing heating and installation of a 
oxidizing gas, after forming a zirconium dioxide system layer or a rare earth oxide system layer. 
As for the amount of supply, it is desirable to make it set to Ba:Ti=1:1. The temperature of the 
vacuum evaporationo substrate at the time of membrane formation and the Ba/Ti supply 
quantitative ratio in early stages of membrane formation affect the stacking tendency of BaTi03 
film. The orientation relationship of BaTi03 film, a zirconium dioxide system layer (Zr1-xRx02- 
delta). and Si (100) substrate The desirable relation mentioned above, i.e., BaTiO3(001 )//Zr1- 
xRxO2-delta(001)//Si, (100) And in order to make it set to BaTi03 [100]//Zr1-xRxO2-delta 
[100]// Si [010], whenever [ stoving temperature / at the time of BaTi03 membrane formation ] 
has preferably desirable 900-1200 degrees C 800-1300 degrees C. Moreover, it is desirable 1-0. 
and for the Ba/Ti supply quantitative ratio in early stages of growth to set to 1-0.8 preferably. 
That is, it is desirable to **** to overTi in early stages of growth. In addition, it is shown that 
you may be supply of only Ti in early stages of growth as a Ba/Ti supply quantitative ratio is 0. If 
whenever [ stoving temperature ] is too high, counter diffusion will arise in a thin film layered 
product, and crystallinity will fall. On the other hand, if whenever [ stoving temperature ] is too 
low or the Ba/Ti ratio in early stages of growth is not suitable, it will become the orientation 
instead of orientation (110) which BaTi03 film formed makes the purpose (001), or (001) an 
orientation (110) crystal will be intermingled on orientation BaTi03 film. In early stages of growth, 
supplied Ba reacts with the zirconium dioxide system layer of a substrate, and BaTi03 which has 
the target orientation is hard to be obtained. Suppose that Ti is superfluous in early stages of 
growth for avoiding the reaction of Ba and a zirconium dioxide. In addition, thickness is within the 
limits which is about 1 nm or less the early stages here of growth. 

[0164] About various conditions, such as oxygen tension the membrane formation rate at the 
time of the perovskite substrate stratification, the class of oxidizing gas, its amount of supply, 
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and near the substrate, and rotation of a substrate, it is the same as that of the case of the 
above-mentioned zirconium dioxide system stratification. 

[0165] As well as the case of the above-mentioned ferroelectric thin film since it can enforce 
the above-mentioned formation approach of a zirconium dioxide system layer, a rare earth oxide 
system layer, and a perovskite substrate layer especially in the comparison with the conventional 
vacuum evaporation technique, the sputtering method, the laser abrasion method, etc. under the 
operating condition which does not have the room of mediation of an impurity so that clearly and 
which is moreover easy to control, it is suitable to obtain the specified substance with good 
repeatability and high integrity by the large area. Even if it uses MBE equipment in the above- 
mentioned approach, the target thin film can completely be obtained similarly. 
[0166] When it constitutes the formation approach electrode layer of an electrode layer from a 
metal, forming by vacuum evaporationo is desirable. As for the substrate temperature at the time 
of vacuum evaporationo, it is desirable to consider as 500-750 degrees C. If substrate 
temperature is too low, the crystalline high film will not be obtained, but if substrate temperature 
is too high, the irregularity of a membranous front face will become large. In addition, crystallinity 
can be further raised by introducing Rf plasma for the oxygen of a minute amount with a sink in a 
vacuum tub at the time of vacuum evaporationo. There is effectiveness which specifically 
prevents orientation (111) mixing all over orientation (001) in Pt thin film. 

[0167] When it constitutes an electrode layer from the oxide or the conductive perovskite oxide 
containing In, it is desirable to use the above-mentioned formation approach of a ferroelectric 
thin film or a perovskite substrate layer, in addition it can also use reactant plural vacuum 
deposition and a spatter. 

[0168] Although the display flatness of the front face becomes good in this invention since a 
ferroelectric thin film is an epitaxial film, sufficient display flatness may not be obtained 
depending on a presentation or the formation approach of a ferroelectric thin film. In such a 
case, flattening of the ferroelectric thin film front face can be ground and carried out. What is 
necessary is just to use for polish concomitant use with the mechanical polish and chemical 
polish using the chemical polish which uses an alkali solution etc., colloidal silica, etc., and 
mechanical polish etc. 

[01 69] When a ferroelectric thin film front face is ground, polish distortion may remain. In order 
to change with stress a lot and to remove polish distortion, as for the electrical characteristics 
of a ferroelectric, it is desirable to give annealing to a ferroelectric thin film if needed. Preferably, 
300-850 degrees C, annealing is 400-750 degrees C more preferably, and is performed for 5 - 15 
minutes for [ for / 1 second / - ] 30 minutes. 

[0170] In addition, even when not grinding, in order to raise a ferroelectric property, annealing 
may be given if needed, annealing in this case — desirable — 300 degrees C or more — more 
desirable — 500 degrees C or more — further — desirable — 650 degrees C or more — and 
preferably, it is 800 degrees C or less more preferably, and 850 degrees C or less are performed 
for 5 - 1 5 minutes for [ for / 1 second / - ] 30 minutes. 
[0171] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is 
further explained to a detail. 

[0172] According to the approach indicated by example 1 Japanese Patent Application No. No. 
219850 [ seven to ], and Japanese Patent Application No. No. 24060 [ seven to ], as it was the 
following, the ferroelectric thin film was formed. 

[0173] Si single crystal wafer (diameter of 2 inches) which cut and carried out mirror polishing as 
a single crystal substrate into which an oxide thin film is grown up so that the front face might 
turn into a field (100) was used. Etching washing of this wafer front face was carried out with the 
ammonium fluoride water solution 40%. 

[0174] It heated at 600 degrees C, having rotated the substrate by 20rpm and introducing 
oxygen near a substrate at 25 cc a rate for /from a nozzle, in order to protect a substrate 
washing side using Si oxide, after fixing the above-mentioned single crystal substrate to the 
substrate electrode holder equipped with the rotation and the heating device which were 
installed in the vacuum tub and exhausting a vacuum tub with an oil diffusion pump to 10~6Torr. 
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The substrate front face was oxidized thermally by this, and Si oxide film with a thickness of 
about 1nm was formed in the substrate front face. 

[0175] Subsequently, 900 degrees C was made to heat and rotate a substrate. The rotational 
frequency was set to 20rpm. At this time, by introducing oxygen gas at 25 cc a rate for /from a 
nozzle, and evaporating Metal Zr from an evaporation source on said substrate, it supplied so 
that it might convert into the thickness of Zr02 and might be set to 5nm f and Si surface 
treatment substrate equipped with the surface structure of 1x1 was obtained. 
[0176] Furthermore, Zr02 film with a thickness of 10nm was formed by setting substrate 
temperature into 900 degrees C r setting a substrate rotational frequency to 20rpm, and supplying 
Metal Zr to Si surface treatment substrate front face from an evaporation source, where oxygen 
gas is introduced at 25 cc a rate for /from a nozzle. It was 0.517nm when the lattice constant 
within a field in 900 degrees C of this Zr02 film was measured. 

[0177] Subsequently, BaTi03 film was formed by using as a vacuum evaporationo substrate the 
substrate in which Zr02 film was formed. The vacuum evaporationo substrate was heated at 900 
degrees C, and was rotated by 20rpm. At this time, BaTi03 film was formed by introducing 
oxygen gas at 25 cc a rate for /from a nozzle, and evaporating Metal Ba and Metal Ti from an 
evaporation source on a substrate. It supplies so that only Ti may be converted into the 
thickness of Ti02 film and it may be set to 0.5nm in early stages of membrane formation. 
Subsequently Ti and Ba are supplied so that it may convert into the thickness of BaTi03 film by 
making a membrane formation rate into 0.05 nm/s and may be set to 2nm. Subsequently The 
membrane formation rate was gathered to 0.2 nm/s, it considered as BaTi03 film of the 
thickness shown in drawing 3 , and Si (100) / Zr02 (001) (10nm) / BaTi03 (001) epitaxial 
structure was produced. 

[0178] Since it is 0.405nm and the lattice constant within the field in 900 degrees C of the Zr02 
above-mentioned film (xB) is 0.51 7nm as mentioned above on the other hand, the lattice 
constant (xFO) in 900 degrees C of BaTi03 bulk material is a formula. In mxFO/nxB when m= 4 
and n= 3, the value of this formula showing a gap (misfit) of a lattice constant is set to 1.620 / 
1.551= 1.044, and it turns out that it is this invention within the limits. Moreover, it was checked 
as a result of measurement by the X diffraction and RHEED that all the thin films formed on the 
substrate are epitaxial films of orientation (001). 

[0179] formed every — the lattice constant (c spacing) of field reflection [ in / film / BaTi03 / 
an X diffraction (001) ] to a c-axis — moreover, it asked for the lattice constant (a spacing) of 
an a-axis from field (001) reflection and (303) field reflection. The thickness of BaTi03 film and 
relation with each spacing are shown in drawing 3 . The dotted line has shown the undistorted. 
spacing of BaTi03, i.e., the spacing of BaTi03 bulk material, (a spacing: 0.39932nm, c 
spacing:0.40347nm) to drawing 3 . 

[0180] Drawing 3 shows becoming close to an undistorted condition as a ferroelectric thin film 
becomes thin. Moreover, when thickness is 50nm or less, it turns out that grid distortion is 
settled in this invention range. 

[0181] On the epitaxial structure produced in the example 2 example 1, Pt metal was vapor- 
deposited at 700 degrees C, Pt film was formed, and Si (100) / Zr02 (001) (10nm) / BaTi03 
(001) (lOOnm) / Pt (001) OOQnm) epitaxial structure was obtained. It was 0.394nm when the 
lattice constant within the field in 600 degrees C of this Pt film was measured. 
[0182] Furthermore, Pr content lead titanate (henceforth PPT) which is a ferroelectric ingredient 
was vapor-deposited by having used this epitaxial structure as the vacuum evaporationo 
substrate, and the PPT film was formed. The substrate was heated at 600 degrees C and it was 
made to specifically rotate by 20rpm first. And the PPT film of the thickness shown in drawing 4 
was formed by introducing radical oxygen gas at ten cc a rate for /from the source of ECR 
oxygen, and evaporating PbO, TiOx (x= 1.67), and Pr from each evaporation source on a 
substrate. Supply from an evaporation source was performed controlling so that the mole ratio of 
PbO:Pr:TiOx is set to 2:0.1:1. That is, it was referred to as E(Pb/Ti) = 2.0. 

[0183] When X-ray fluorescence investigated the presentation (atomic ratio) of this PPT film, it 
was (Pb+Pr)/Ti=1.00 and Pb/(Pb+Pr) =0.92. Since it is set to F(Pb/Ti) = 0.92 in this 
presentation, it is set to E (Pb/Ti) / F(Pb/Ti) = 2.2. 
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[0184] Since it is 0.394nm as described above, the lattice constant in 600 degrees C of Pt film 
which the lattice constant in 600 degrees C of PPT bulk material is 0.396nm, and exists under 
the PPT film on the other hand is a formula. When both m and n are set to 1 in mxF0/nxB r the 
value of this formula showing a gap of a lattice constant is set to 0.396 / 0.394= 1.0051, and it 
turns out that it is this invention within the limits. Moreover, it was checked as a result of 
measurement by the X diffraction and RHEED that all the thin films formed on the substrate are 
epitaxial films of orientation (001). 

[0185] About each formed PPT film, a spacing and c spacing were searched for like the example 
1. The relation between the thickness of the PPT film and each spacing is shown in drawing 4 . 
The undistorted spacing of PPT, i.e., the spacing of PPT bulk material, is shown in drawing 4 . 
[0186] In drawing 4 , by the PPT film whose thickness is 9.9nm Grid distortion which the grid is 
distorted so that it may become large 1.0015 (0.4026/0.4020) time to c spacing when c spacing 
is undistorted, and was computed similarly In 16.4nm in thickness, by 47.2nm in 0.9935 times and 
thickness, it is 0.9891 times in 100.0nm in 0.9913 times and thickness, and all have fallen within 
the desirable range in this invention at 29.0nm in 0.9978 times and thickness. 
[0187] Vacuum deposition and the lithography method were used for the PPT film front face of 
each epitaxial structure, aluminum electrode with a diameter of 50 micrometers was formed in it, 
the lead was taken out from Pt film, and spontaneous polarization was measured using the SOYA 
tower circuit. Consequently, in the thing with a thickness of 47.2nm (0.9913 times of c spacing 
when undistorted), it was 55microC/cm2 at 40microC/cm2 and a thing with a thickness of 9.9nm 
(1.0015 times of c spacing when undistorted) to spontaneous polarization having been 
30microC/cm2 in the structure whose thickness of the PPT film is 300nm (0.9818 times of c 
spacing when undistorted). 

[0188] It turns out that the 2-dimensional compressive stress of the PPT film increases from 
this result at the time of membrane formation, so that the PPT film becomes thin, and the 
spontaneous polarization value when cooling to a room temperature increases in connection with 
this. 

[0189] Si (100) / Zr02 (001) (10nm) / BaTi03 (001) (100nm) / Pt (001) (100nm) epitaxial 
structure was obtained like example 3 example 2. 

[0190] Furthermore, PbTi03 film was formed with vacuum deposition by using this epitaxial 
structure as a vacuum evaporationo substrate. The substrate was heated at 600 degrees C and 
it was made to specifically rotate by 20rpm first. And PbTi03 film of the thickness shown in 
drawing 5 was formed by introducing radical oxygen gas at ten cc a rate for /from the source of 
ECR oxygen, and evaporating PbO and TiOx (x= 1.67) from each evaporation source on a 
substrate. Supply from an evaporation source was performed controlling so that the mole ratio of 
PbO:TiOx is set to 2:1. That is, it was referred to as E(Pb/Ti) = 2.0. 

[0191] the place which investigated the presentation (atomic ratio) of this PbTi03 film by X-ray 
fluorescence — Pb/Ti=1.00 — it came out. Therefore, it is set to E (Pb/Ti) / F(Pb/Ti) = 2.0. 
[0192] Since it is 0.394nm as described above, the lattice constant in 600 degrees C of Pt film 
which the lattice constant in 600 degrees C of PbTi03 bulk material is 0.397nm, and exists under 
PbTi03 film on the other hand is a formula. When both m and n are set to 1 in mxFO/nxB, the 
value of this formula showing a gap of a lattice constant is set to 0.397 / 0.394= 1.0076. and it 
turns out that it is this invention within the limits. 

[0193] About each PbTi03 formed film, a spacing and c spacing were searched for like the 
example 1. The relation between the thickness of PbTi03 film and each spacing is shown in 
drawing 5 R> 5. The undistorted spacing of PbTi03, i.e., the spacing of PbTi03 bulk material, is 
shown in drawing 5 . 

[0194] From drawing 5 , in 5H00nm in thickness, it is 0.984 to 0.989 times the spacing of the c- 
th page when the spacing of the c~th page is undistorted, and all have fallen within this invention 
range. However, domain formation was accepted by PbTi03 film whose thickness is 50nm and 
100nm. That is, in the X diffraction, the peak of a field (100) was accepted in addition to the peak 
of a field (001), and it had not become the epitaxial film which this specification defines. On the 
other hand, by PbTi03 film whose thickness is 5-30nm, since it was checked that it is single 
(001) orientation and the streakHike pattern was accepted by RHEED in the X diffraction, it 
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turned out that it is an epitaxial film. 

[0195] Vacuum deposition and the lithography method were used for the PbTi03 film front face 
of each epitaxial structure, aluminum electrode with a diameter of 50 micrometers was formed in 
it, the lead was taken out from Pt film, and spontaneous polarization was measured using the 
SOYA tower circuit. Consequently, in the structure whose thickness of PbTi03 film is 20nm, 
there was no leak, it could measure and 60micro of spontaneous polarization was C/cm2. 
Moreover, in the thickness of 5~30nm, the almost same spontaneous polarization value as this 
was acquired. On the other hand, when thickness of PbTi03 film was set to 50-300nm, 
orientation (001) and orientation (100) were intermingled and spontaneous polarization was as 
small as 20-40microC/cm2. 

[0196] Since it becomes that leak does not arise and it is easy to decrease a 2-dimensional 
tensile stress since it will become an epitaxial film from this result, without forming the domain 
structure which was easy to be formed by PbTi03 conventional film, if the thickness of PbTi03 
is 30nm or less, it turns out that spontaneous polarization increases. 
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* NOTICES * 

JPO and NClPi are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between the two-dimensional stress of a 
ferroelectric (PbTi03) thin film, and spontaneous polarization. 

[Drawing 2] (a), (b) r and (c) are explanatory views which express typically deformation of the thin 
film crystal lattice at the time of existing a gap (misfit) of a lattice constant between a single 
crystal substrate and the epitaxial thin film formed on it. 

[Drawing 3] It is the graph which shows the relation between membranous thickness, a spacing, 
and c spacing about BaTi03 film formed on Si (100) / Zr02 (001) (10nm) substrate. 
[Drawing 4] It is the graph which shows the relation between membranous thickness, a spacing, 
and c spacing about the PPT (Pr addition lead titanate) film formed on Si (100) / Zr02 (001) 
(10nm) / BaTi03 (001) (100nm) / Pt (001) (100nm) substrate. 

[Drawing 5] It is the graph which shows the relation between membranous thickness, a spacing, 
and c spacing about PbTi03 film formed on Si (100) / Zr02 (001) (10nm) / BaTi03 (001) 
(100nm) / Pt (001) (100nm) substrate. 

[Drawing 6] It is the explanatory view showing an example of the vacuum evaporation© 

equipment used for formation of the ferroelectric thin film of this invention. 

[Drawing 7] (a) is the mimetic diagram showing the RHEED pattern of the surface structure of 

1x1, and (b) is the mimetic diagram showing a RHEED pattern in case 2x1, 1x2, or these are 

intermingled. 

[Description of Notations] 

1 Vacuum Evaporationo Equipment 

1 a Vacuum tub 

2 Substrate 

3 Holder 

4 Revolving Shaft 

5 Motor 

6 Heater 

7 Oxidizing Gas Feeder 

8 Oxidizing Gas Feed Hopper 

9 PbO Evaporator 

10 TiOx Evaporator 

1 1 Rare-Earth-Elements Evaporator 



[Translation done.] 
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3 (0 0 1) »«*X^*^r->^7l/ritfiff-e-S«^C-0 
^T#x.£ 0 P b T i 0 3 i?^/?)cB$C9g1£Sg£:6 0 
0°C£iT3£:. 6 o 0iC«i:*tt*3B^»ttP t /W? 

f*#0. 3 9 4 2roiK PbTiO^WO. 39 
6 8nmt?S&5fr&, jQ#MK:tt ^ X7 ^ >y h £*9Hfn<5 

[0022] mfc£^v9**/*frj&&mmt<Dmics. 

^T. (a) »«kWBI4:*<!JLttL^lRi:at>T^ 
*»***U (b) fI^6IW^7^y 
h*»lR'r5W&*^U (c) «\ fzHw^oT^X 
h*»iR-r*»&**-ro (b) TttHMOfSB 
c mfifaT-WZf, a :«*> J: b :«*|qn?«iR«K L 

^7cOffi*ft;**^i:Tt^o (b) otttttt. «*^» 
^*fr&lc£t;So (c) iCTK-tJzSlcljiRmcJ:*) = X7 
-rv h*^^fc:KJR^tititf. (a) fcjR-rttUfcHi; 
«HFS8**t**l£*0»Ri:ft«o (c) o«ffi 

[00 2 3] COcfcdtC S i /V i*m&h\^T)im 
Sfi6 0 0°CTPbTiO 3 »Mn^, /£!»£ 
*fcflH*Lfctt»T?ttP bT i 0 3 »jH*i-^7£BE«ffi 

fiKKraia^&sss'eftai-rsjasT. s i ^ 

P b T i 0 3 fc<0!»»3R«ft(0*:*a:iSk:fiHUT, P 
bT i 0 3 »«ictin»c7EO3loaDJS:**^i;*-** 

figJiafitC*5t^TB2 (b) ^£tl£<£?&I±*fl 

is* tf£ i: t i > * ttiBT s s t . »ai t 5 5 1 o a o jeb 

[0 0 2 4] *CT*aWT«4, S i WSgifiOSUB 



cttfT^, s i mfo±iz&^Tmi&T-nnmcm&t) 
if, pbii o 3 s^^ s i m^mm±ic (oon 

Bl«:i6TlB4S i *l£iIISffi«:ffil>T, -^^±{cg 

a»«o«»T***3Wift*aiiii*jB«'r*c £#nj 

[0 0 2 5] CWcJtU fje*ai6nTt^MgOS« 
[0 0 2 6] H^*<^dcU/c«-&tCif»ste^ 

[0 0 2 7] R^}Vlli«^a^«|RK:flSlje*«MfliL 
T«Ftt»S*«35)^C »l^{f»j¥8- 19 5 3 

COWBtt, «8i«ftW)MT*tt)«ffirttBE«lS* 
50 4i«EttO»Wtt, I^DR AM^HtCilffl-r^Ch 



t f 

(6) 
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[0 0 2 8] IfMtfRfcliS i 4ittAafi*ffl^fe£ffi0J 

t e ins ^ n r t ^ m^mco mm ic&^x mmwm 

^ (001) ElRlLTl^Ofc*. MgO (0 0 1) M± 
tCPt (0 0 1)I*iIU CO±tCR1t«l (KT 
a0 3 ) (S6©$aMH) rcVrT*%>%o 

[0 0 2 9] £fc. 1$Bfff8- 13 9 2 9 2 
fe. »««f*l^<0*S**»JW-rsci:fc:J:t), WIS* 

[0030] i icmm-sntcmwte, & 

ft< t fe*ffi*IE*«IRO (001) ffi*fctt:fcfriM6 

jB**-rsw«tt**»fr5a«««*nik, cestui* 

tl*«fttt»»**0«?3e» a d fcIE#JWfiS fcttfi 

1 . 00 2<a d /a s <l. 015 
«©R#*7fc:EK«ttfc58WU:. Si^lit, c<o 

6 ft « RttttH t > c <DR«fMB©± teJBjasnfcas 

m.msi<ommffii 5im\u±v$>o, xe^s/^i/j&R 

f£Of£mi£«»<D c MM C efc . l^c MS C etC^iS-T 
£ x tf * * ~> -V ;l/^SHuOR«tt«*42|5:5fecDiE^aiRO 

Ce/Co>l. 0 2 

[0 0 3 1] l^lfi!»i»t/^^(^ w»«o 

[0032] z<D£5&%mwwnm&n2>rc!6ic^ m 

a«rt?«t. s iSeffitcMlfdfell (ggfbs i 

^<k«i^^^§MU7i^p t»^6ft*T«««a 
if*^LT3i««(*nHii*»diLTt>*o musss \ m 

OMSatLta, 4UMS i fl*jKMRAS3*>; 



[0 0 3 3] LfrU *»W*60BKttcJ;tiif, H4£ 

ffiEKo^ffi^flai/^Tfe^ffittofiSft s i m£g*m* 

ft^mMII9*»<5C4:A^*ft*^«:o fit, R 
4i«Oafl*ffl7^fiaZ«tlTl^ c»Klt (Ce/Co) 

«j±A^EK*nTi/^«ottM g o^^ft^gs^ffl^ 
[0034] m^momm&KDv % s i nMgastg^ffl 

^fiS0j7T*&, S i i£fcS 0 B 0 S«±tC/P2 4 0 OnmOT i 
Ni, C<D±lcTffiWM£ 2 0 OnmOC a 0 5 

Y 0.5 T 1 0 3 IS*flMU £<D±tC/¥£ 2 0 OnmOB a 
0.5 s r 0.5 T * 0 3 R«tWH*}BfiKLT*5t). Sfc, m 

fc. *3SK0>J 9 TliR«f*M©|&«* B a o 45 L a o 05 S 
r 0 5 T i 0 3 (CtSltl^ o CtlbO^flS^JTii, « 
M***Lfcl*j«^«4T»«S*sJ:tfR«(*lll«4IW* 
T&D. f^7>/7x-;bgi^ffl^/c7 0 0°C, 

*"Jfl§*^BIf!Bl?feSo CO/ci6, RI^.HHcE«*nfcT 

6 nfc Sir ©Ett ft i \ 
30 [0 0 3 5] ^j;^:, ttfflMMgO$m±<D'&m 

mimmco^^mm^^w^(om^titm^K>, s i 

#ISaa«±li:fev^TSSR*#SHHI, ^tcPbT i 0 3 
WM*xe**>'^7l/Mli: LTMtSi: ^*rI*E^ b 

rctot'fto, tje*ftLf#ft^oft»***s-r*fco 

[0 0 3 6] *56HJj(c J: 0 flj ens ^S8»«i«0^;* * 
3SP«»»Hi. WM^t'J-, ^^-b>-9— , 

40 So 

[0 0 3 7] 

[0038] mmtmm 

re x tf ? + > + t « „ (D%e.mm*mm tc 
fci^T. s i m£Mkmfamffi<o%£B,ffi^¥-fim£ikm tt 
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0. 9 8 0^z F /z F0 < 1 . 0 10 

0. 9 8 2^z F /z F0 S 1.010 
Tfe^o fit, i»««ftt*»ft ,5 a3*'r* B a T i 0 3 
* Tc l±«±j«7E««*^ * £> £ * tc B 

0. 9 8 8^z F /z F0 

T^^Ct^^lK. PbTi0 3 t^5fcfl: 
fi 

z p/ z F0 ^ 1 . 0 0 0 

ff*Sit(^ /Vl/*tt8KuJ*LZ F ffi<0BH^«i:/u 
£ fH] C Tfe 5 2>\ 5 < & £ <£ 5 tc^JMS^tf^/u-e^ 

[0 0 3 9] ttfitt^tO^^-tfnKijftv 

»t**i:av\ ^fr^{*»M*sjitc k^>t>« 
fc. z F /z F0 ^ i *&zT^&ftm*immic&mm 

[0 0 4 0] cfttcfcfu MIffcLfci:#K:Z F ffi<DIH 

?E#«©*aavhs <^tl$9o — * . z finmmm 

tc ±E*»tt £ Sft « WTO <k *5 0 T fe £ o z F s<ora 
irowt< ftssif. z F ffirttc#a-rsis B ^«iMoKBi 

J:3£Lft»tttfft&'*\ JB/£^mc^fjiW£t;, xtf 
^li^B, S i »«*ffl^«*5BWTfttx Zp^cOPsI 

pa^-r z F / z FO o±pg^±iaffl^'r^>o 

[0 0 4 1 ] 

'»»l*f*WIMOff*«. -IH»c, W£ L < t* 1 0 OnmW 
T. cfct)»SL<«7 5mnWT, *6JC»SL<t±5 0 
nmWT, ■fc»*L<«4 2 OnmMT-e****. PbTi 
03aW*xtf#*->ir7l/il4:-r«»^ctt, 3 OnmU 
T. L < « 2 OimWT-Cfcfco 3&K«(*WJ«Jg/ai£ 
KMffifcT-^Lfcfcfffc:, Z F fflOP5PS^±fBLfc«k 
5 ic ? W ? t S P U £ & & *>\ / ^1/ ^ J: 0 /£ 



10 [0 0 4 23 mmMI&MM 

[0 0 4 3] (A)^n:/X£^ h§y*m : B a T i 0 3 ; 
P b T i 0 3 , ft±a7c3S^^*>»», P Z T (v 
. PLZT (^7l/=l>^*>K5> 
fiOPb^P^^ Mfc^lS : B i 3fc^n 

20 [0 0 4 4] (B)^>^X-r>^D>XSitt3FH : SBN (- 
t7iXhP>^AAV-)W . PBN (-*^»tt^ 

[0 0 4 5] (C)YMn0 3 ?£*m : #±^7t;^ (Sc^(f 
Y*#tO kMn^OfcW, A^iiS^YMnOsWBfi* 
feOttffc*ftifo CT^tf, YMn0 3 . HoMn0 3 ^ o 

[0 0 4 6] UT. cn&oai»*f*«*5»£:ot^TKW 

[0 0 4 7] (A)^D^X^-T h§y««C03 BaT 
i0 3 ^ P b T i O 3 ^orp v ^n^x^-f Mfc^ttft 
30 ElZ, -iStCft^A B0 3 Ti?tl5o CCT\ Afc 
^tfB(i:^^fe l ^4->^f o AtiCa, Ba. Sr. 
Pb, K. Na, Li, L a $5£ZfC d ^^Stftlfc 1 
itt±T'$SCi:W7$L<, BfcfcT U Zr. T a *5 

[0 0 4 8] L/c-^n^X^-r hSafk^*JcJ3»* 
tb*A/B«. «f*L<«0. 8-1. 3t80, 
40 W^L<ti0. 9—1. 2T^5o 

[0 0 4 9] A/B^CO^a^afBliHtC-r-SC^^^o 

^> c ^ ^pjftgtc te&tcth^ mmvm& * /c ti?s 
Bi»tt*ait*ct:#-et*. cnic^fL. a/b 
^o. 8*an?ttisiitt<oa#jai«^a»ft<ao, s 

fcA/B#l. 3*a^L*i:i^llftSMiflD}BflcWH»c 
^TL^9o ilOJ:3ftA/B«, 

[0 0 5 0] Jftfe, *W«B«Ttt, PbTi 0 3 ^^O 
50 J: 3 A B O x tC;Jotf 3 OOirb^ x ^-T-<T 3 ^ Ltg 
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BO x ^*5^T, xOlli, 2. 7-3. 3SU£ 

[0 0 5 1 ] *aWTfffl^5A B0 3 S^pyx*^ 
Mfc-&ttfcLT«\ A I+ B 5+ 0 3 , A 2+ B 4+ 0 3 , A 3+ B 
3 + 0 3 , A X B0 3 . A ( B ' 0i67 B" 0 .33) 0 3 . A 

<B' 0 .33 B "0.67) °3^ A (B 0 . 5 +3 B 0 .5 +5 ) "> 
A (B 0 .5 Z+ B 0 .5 6+ ) °3^ A (B 0 . 5 1+ B 0 .5 7+ > °3^ 
A 3+ (B 0 .5 2+ B 0 .5 4+ ) 0 3 . A (B 0 .25 1+ B 0 .75 5+ ) 
03^ A (B 0 . 5 3+B 0#5 ^) 0 2 75 , A (B 0 . 5 2+B 0 .5 
5+ > 02.75*^^n"e*-3TfecfcV\ 

[0 0 5 2j StetfHCteu PZT. PLZTfOPb^ 
^P7'X^j^ ML^k C a T i 0 3 , BaTi0 3 . P 
b T i 0 3 . K T a 0 3 , B i F e 0 3 , N a T a 0 3 . S 
r T i 0 3 , C d T i 0 3 , K N b 0 3 , L i Nb0 3 , L 
i Ta0 3 . *5£Zf<mt>(DmfStb^X*%>2>o 

[0 0 5 3] ±EP Z T«. P b Z r 0 3 -P b 20 

T i 0 3 3fc<DBjgf*T?»£ 0 $fc. ±IBPLZTli, P 
Z TICL a^F"-7 p *nfcfk'&ttrT*»0. AB0 3 Og 
IElCfi£;t&\ (P b 0 89 - 0 91 L a 0 n - 0 09 ) (Z r 
o.65 T 1 0.35) 0 3 t*/^nSo 

[0 0 5 4] fcfe. l^o/X*^hft^5^B 
i *»ttft^»tt, -IRK 
* 8 i 2 A m -iB ni 0 3m+ 3 

BK Ca, Sr, Ba. P b & £ tf«±a7C* 
(ScfeJ;[fY^« <Ol^-Ttl*>T*&5. B«. T 30 
U T a*5j:tfN bOlfvrtl*v?»So Sfltfqfctt* B 
i 4 T i 3 0 12 . S r B i 2 T a 2 0 9 , S r B i 2 N b 2 Og 

[0 0 5 5] ^WjlcflJi/^C^^^LV^nyx^ 

:/X#^ hffiWfc^fcL MfctfB a T i O3. S r T i 
0 3 . PLZT. PZT\ C a T i 0 3 , P b T i 0 3 . 

tiBaT i 0 3 , S r T i 0 3 , P Z T\ P b T i 0 3 . 40 

14. PbTi0 3 , R (RfcJ\ Pr, N d s Eu, T 
b. Dy. Ho, Yb. Y, S rru G d. Erfe<ttfL 

a— u-^o^-e^^yjc:»sat**So fit, *5swj 

t?C4. S£*tt5pRlfli7?ftofcP bT i 0 3 Oxtf#:^> 
-EftT?ttft^^C6*OP b T i 0 3 »mTiraT?*ofc 50 



P b T i 0 3 **OK**tt*f"JfflT*#So 
[0 0 5 6] *SRBT*li, «±a5aiS*W^*>mBi: 

( P b + R ) /T i = 0 . 8— 1 . 3. 

P b/ (P b + R) =0. 5-0. 9 9 
comm. »£L<ti 

(Pb + R)/Ti=0. 9—1. 2. 

Pb/ (Pb + R) =0. 7 — 0. 97 

bT i O 3 ICiSiP'rsci:»i:J:0. Ec#f£T£-££C 

[0 0 5 7] R(2\ P b T i o 3 #r«^n§i*^ 
a-?*** Ycok-^^ hlciiLW-t^P b £H8IU 3tSS 
*aSJB*«So P b T i 0 3 ^, a-W:3. 8 9 7 A. c 
M : 4. 14 7 kCDiEJj^mcD^uyxi)^ hflEfiT* 

2f-tf5#. SMBElBtei&HfcSnsmffi (Ec) ^ffiT 
ti\ CeTU P bT i 0 3 (DBV^ htciiLm-r^Tim 

[0 0 5 8] »±J«7£jR*«^*>»ttiCi3li^r, (P 

b-f r) /t i ^/h^-rrsfcigaitoaaaa^a* 
&<&d, (Pb + R) /t i ^^-r^^^sr^e 

BHOJBja^HBtftoTLS^o %rc, (Pb + R) / 

z>nz> 0 Pb/ (Pb + R) *vjxs«rr*fc. Sfg»a 

^/Jn^<^oTL^3 fcRIWF»e:»«*fe 1 0 0 0IX±£ 
^<^^TL^o — Pb/ (Pb + R) 
"T«f*4:. «±»5EIRoaaraSft«. -r&£>*> E c OffiT 
MWt^^^o Pb/ (Pb + R) ^±IBiBffl^: 

ww-r^cfctCcfcorsatcusTsrSo Pb, Ti*5 

[0 0 5 9] ^^>^r P v (i, -J^cP b : T i : 0 = 
1:1: 3T*feS^ *^T1iitat§ROigl5j: 
tf«»CcJ:oT«*Olt*«aa:t). 2. 7-3. 
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[0 0 6 0] &*5, «±«7C*$Sf L *>K»T(4, T 

[0 0 6 1] (B)*>^X-r>^ovXSat*«fcLT 
14* ^RfBttM^iCOLandoit-BorensteinVol.lGSEKO 

(Ba, Sr) Nb 2 0 6 , (Ba, P b) Nb 2 0 6 , P 
bNb 2 0 6 . PbTa 2 0 6 . BaTa 2 O e , PbNb 4 
O u . PbNb 2 0 6 , SrNb 2 0 6 , BaNb 2 O e S J ? 
cnb<Di?8fttf»$L< % WfE, SBN {(Ba, S 
r) Nb 2 0 6 ) BN { (Ba, Pb) Nb 2 0 6 ) . 

[0 0 6 2] (C)YMn0 3 3K*t£U4* ltfSRMn0 3 
Rtt«±«7E* (S c*5.fctfY*dtr) ^5 
jBtftlfc llttltSSCt^SU^o YMn0 3 ^ 
#»fc:fcl*£jt*R/Mnl4. #£L<C40. 8—1. 

2T'$0, <tt)»SL<«0. 9-1. ITSSo 
<£?&lGBtcirsc £tcJ;9. tt»tt*««-r«ci:tf 

/MntfO. 85km. 1. 2£rCx_S§5HTi4. 
^fiT-rs«|pJ*feSo Sft^lc, Jt*R/Mn#l. 
2£rC*SlMi?{i. »R»tttf»&ttf\ «R«»» 
tt»c**«lft^« 0 , LftJR^Ofcffl*^ 
i^fi£(C#oT< SC £#&S 0 C<D<£5#R/Mnte. 
dcM*ft**J»-r *ci:»c J: oT*3g-r So R/ 

n o 3 ^««coi^a^{i. wpi o—5 omm, m 
mv 10-10 om)&T*&2>o 

[0 0 6 3] *mNcm^Z£ttfft%L^YMn0 3 
^*fflC4. Ui®M&tftt®&<D&(DT+&2>o YMnO 

^Kf O fc <D t tmtEt S o 5S^«tt^rtf £ ft 

£14. ffljS^SWtC YMn 0 3 . HoMn0 3 , ErM 
n0 3 , YbMn0 3 . TmMn0 3 . LuMn0 3 t^S 

[0 0 6 4] MSSlEl 

a*ftaii?**c t#a*L^, *«w-ptt«a-r* 

n^x*>f hg?*t^Tti (00 1) SBfp]^xtf^^>'^ 
»»T*« (ooi) iEfac>xt 0 £*:^/i/li^sc£ 

#nJt£-efe*X A^YMn0 3 ^t1i (0 0 0 

[0 0 6 5] ^n7x^^f hfWA^«^ti§3ll 

si d oo) ■Koaffifcjea-rfcci: 



i (44»*1?*5o SfiWattfBfJK^ (001) Eip] 
-C$>S*I^ 3fiSi«* [100] //Si [0 10] 

So -rat^ MRtattiWWfcs i tmtiz, mma* 

[0 0 6 6] ^>^XT->ya>X^W4^^^^tl 

s§SR*i*5iwsfe. si (100) affioatffiicjg/s-r 

^^»*Li^S 0 B 0 lft7ifi^^^, %RCtt [10 0]// 
10 S i [0 1 0] T&So 

[0 0 6 7] ASSYMn 0 3 3R**SA^&«|J5E*tlS 

(000 1 ) eiRio^RVftwiHu. si ( 1 1 1 ) m 

£5fc (111) EIp^W^tSMK* (ill) SEIr] 
<DWSB«:Ktttl(f. Si (10 0) Slfi±lc (000 

1 ) ElRj<OA*ft YM n o 3 jf t %mwi*wm*&!it-?z 

[0 0 6 8] ffli»cfc^txt e ^^y^;H 
£14. *— Kl. *-ElR«llT*«ig««<**o 
20 ElR]«ti:tt. X«@lf»Ccfc*»Jffi*ffofci:#* 

5IOi*e->aS©l 0%KT, #$L<t4 5%tt 
TO§It^5o (00 1) ElfiJM. -T 

c an*— ErSDHT'ii, IHO 2 e - e xttioiflrt* 
(0 0 D rffiU^o^e~^o3ii^^, (ool) mi 

K»OS*fc!--*5&g<E> 1 0%ttT, «F*L<«4 5%« 
TT'feSo *B£ffl*lC:Jo^T (OOL) (4, (0 

01) ^ (00 2) &20««ftffi*l£fM-*^T*fe 
So f:ft> IrISHc, (10 0) W—f£famV& (1 0 
30 0) (2 0 0) ffi%£<DmM&mT''<T<DfcftilC-D 

^T#*, (ill) A*— EftflBTtt (111) ffiW 

(222) Bftifo^ffiaffi-r^roswtcoi^T*^ 

So BISrtfcX-YffifcU JlJPTjft^Zlli^ 

Lft££. tea^X*. Y«fcJ:tf Z»#iea£fcfc£M 
oTElftLT^«*ffig#*3 0 C<D<fc5&HEftt4, RH 

^^>-v;l/M^V^S 0 RHEEDtfl 
S^^HHJf (Reflet ion High Energy Electron Diffrac 
40 tion) T'feO. RHEED¥P«J4. MBBrttc^tS*SS 

MOffifqlO^TSSo 

[0 0 6 9] ^y77il 

n >XS!#» ^/ciiYMnO 3 ««»^ 6 ««"T S « 
Wt«. ^y77»itli, ±^Lfti:5tc. 

50 ittastSo 



■I 
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[0 0 7 0] iWHHIi^o^x*^ hSftmSfc 
ft«4>MJHii s TKKffc 3 - A5fiJH^ 6 ft * *\ 

K 

IMfci/Vl/ a - * A3R«-»«±aiWb»*Ji-^ p ^ X * 

[oo7n mwivamw y m n o 3 3R*r»fr6«j« 

[0 0 7 2]/^77iIfcLTOtMH 

[0 0 7 3] ^7 7 7ii^LTOlIl^ #Jgfr6 

[0 0 7 4]^777li(ClbVr, S iWeASfiS 
x F0 £ L/c t ia»l«ffSWHJBfiE«FOSfi£Jcfet^T x 

S 1. 00 0<mx FO /nx B <l. 05 0 

it: 1. 0 0 0<mx FO /nx B ^l. 02 0 

^ 1. 0 0 5<mx FO /nx B ^l. 010 

feitfrnlilKlOSSTSSo x F0 > x B ©*§-g\ m 
= n= 1 tLrc£2lc±9tt*ffij£?Z££tfttf&L^ 

(m, n) ti, (2, 3K (2,5). 

(3, 4) , (3, 5) . (4, 5) ft££W£Ll\> 
— ^ x F0 <x B Oi:t^ m>n^*rSi£SS^fe^o 
CcDlg^O (m, n) tltti, (3, 2) , 



(5, 2). (4, 3), (5, 3). (5, 4) ft£ 

IOX fc? $/ * Asf&mc i: SJEttJCS**«^« L < ft 
£ 0 ft&\ JB^orx*>Thfflft^ft*fl]v>fc»&o 
(m, n) fc±E£H«T?feS*^ CO^Ote^Slft 

iffifi^ft^^ffl^So ft*5. a^nyxA^ 

(ii*. i*5(gifi) TfeSo 
10 [0 0 7 5] coi; 9 ^M^i)i!t§iaitftilh 

sftcs i mfa£<Dm<Dmm^m<Dmz&v&c%-$:7L 

ft, ^ff fc^b-e* c fc tc i D »ffirt#!B<D3fi»i 

20 ftgtft*oT% ^WAmim^r^mm^mm^mm 

[0 0 7 6] ±fE^C*5^Tm x F0 /n x B ^ 1 JfiTFK: 

ft<ftt?. *«wos*iR3V»&nat\ mx F0 / 
[0077] ey***, ^^7rswH«»tLT»a-r* 

30 Z r 0 2 *flj</\ iBRffif*nMH«»i: LT B a T i O s ^ 
fflt^c*^ 6 0 0°CT* S i Kt£±tCffMLfc Z r 0 2 
(0 0 1) (x B ) (40. 5 1 9nm 

T$>K>, 6 0 0 c CT<DB a T i Oy tm<Dfe=¥-& 
WL (x F0 ) CiO. 4 0 3ni»T*feS o Lfc^oT, tS^^ 

»o-rn (^7^vh) 

x F0 / x B = 0 . 7 7 6 

<Omm% (B a T i 0 3 4^Z r 0 2 3tS^) 
40 ^S^tSo *Tftt5^. ±te^c4ol/^Tm=4^0n = 

3 k-rntf, 

1. 612/1. 557 = 1. 035 

[0 0 7 8] WT. /<y7rWHi:UTffli/>6ti«IMt 
[0 0 7 9] ^iblMl 

*zt>\ %>±mftm (s cJ5±tfY*^ct) tcctofi^ 

50 (fcSnftWt^3-9^ ^±^Jc 



(11) ^fffWlO-223476 



n 3 mmm ^mm \*mm<D m m % m± -c # & 0 $ . 

J:tf5«cov^Ttt. *3*-rSo RkbTf*. Y, Pr, 
Ce, Nek Gd. Tb> Dy, H o *5<fctf E r fr£>a 

[0 0 8 1 ] HfkS?;l/3-?rAJR»«4, #-©*6SEfSl 

fefeTfeSo RfWtitcfck (001) EIrJ<D®8s/1 ^33? 

L J: d 4: Btfb^nx»>A 
5fc/ifck IE*fi£fcl;U£**g<0 (00 1) *-Elftt?« 
£*>\ ±LJjgk<D (10 0) Elfin*** CfctffiFSL 
<, (111) Eft^Sffi/t^ (00 01) @Efp] 

^A^/ite (ill) #-WTfe§Li:^L<, 
[0082] Si (100) K«3iE^ ggfb^f^Jf 

(z r i_ x R x o 2 .6) ^si^nn^i:t, 

«S#ffiBtl««. Zr]. x R x 0 2 J (0 0 1) //S i 
(10 0) ffeSC^WSL^o 

[0 0 8 3] ^/c, s i (ill) SSSfflifc:. Kffc* 

tpmm (z r i_ x r x o 2 _5) *<a**tiTt^si:fr, c 

ft50*£il7j{£|iS^fck Z r 1 _ x R x 0 2 .6 (111)// 

Si (111) TftSC^WSU\ 

[0 0 8 4] z r o 2 ti^r£W^^Stc^HtTiz:77«^-> 

T?$>3 0 Z r I . x R x O 2 _(5MtO*g e 3 B tt^xC0lEH{C^# 
■T^o JpnJ .Appl .Phys.27(8)L1404-L1405(1988)tC$BS 

35fflSfcttl|i»ao«fifi«ca* 0 xtfo. 2 

W±0)iC»ft««-ett#— EIrIOx tf * * > -v /M«*<f# 
^tlTt^o fc/cX, x^O. 7 5*jH*SfiB«-Cf±, 
£77 0 B B ?i;i&3^ (100) J£-EIrH4»&*1 

•r, din sa^o^^A-r^o -7^ ie^f** 

fct±#«4S^ftSnS«"e(i. J .Appl .Fhys. 58(6)2407-24 
09(1985)tc&^£*iTt^£<£-9K:. 
WttoEfiffitfiEAU Elfil<Oxif**S/-vyI/«itt 

[0 0 8 5] LfttfoT, (10 0) #-Eftk 



•T57c#>lCfck Zr,. x R x O 2 .6lC*5^Txii0. 2 
-0. 7 5t'fe5(li:^!J$U\ COl^OxWD 
#£H/"*§BHfck 0. 2-0. 5 0T*&3o HMfcS^I/n 
x £ A ^ig} x tf # * 5/ + ;MKt? fetiH ^ <D± ic Bf& 

^-n\> — din s«*ffl^T (i i i) m- 

ElRlk'T**^**. xtio. 7 5iHT*oTJ:t\ & 
[0 0 8 6] SS{tv r 7l/3xT*^tfS±S7C^«, S 

tfasinawawstiao «±wt«osiai*HSLfcs 

[0 0 8 7] K*^RI*S-sai/^BEfb^;i/=ix^ 

20 Afck {b^Z r 0 2 #±Stc^*^ 
*nbrcttfb^3X»>AC4, »4pLrc#±3B7C*oa 
SS, «45itfffli»*Cj:0**©«*^fbL. Z r j. x R 
x 0 2 -6lClStfZ> 0 — 0. 5<h^:^o 

[0088] Zr!_ x R x 0 2 . ^ tCfcl>T x 0 . 2* 

»-e**««, l»JR*l»<*B«7cSR4«Jc**t*Z 

[0 0 8 9] Lfc^oT, a»*fe!i, ! .?.14fectt>Wfi14^ 
»6n*»$»ctt. Hfb^l/3x^^*«4»OBI«*» 

< fflU«7E*+tCfe*tS Z r (Dit*tt, «FS b < (4 9 3 mo 
l%iS. J:0»*L<«9 5molXW±, ^^{c»SL<ii 
9 8mol%J^±, ^^>»^L<(49 9. 5raol%J^±Tfe 

40 * 0 tt^cttfz r*»<*«7E««4, mm, ft±mft 

^C5 9 9. 9 9mol9^J8T?fe5o ^^C> Jgffi^H^Jg 
imffiTteZ rO z tU r 0 2 t(0^mmL^cOT:\ Z 

r o 2 (omm^ mm. zr+Hf T+(omm*mLx^ 

%o L/c^oT, *RB3ffl»*Ci5W«Z r 0 2 O«S«, 
HftZr k^fWI^k^^LTStH^tlfcffl-efe^ 
H f 0 2 «*f8W^*5Ct*Kfb> ? y!/3x^A^«tC 

so [0090] a wnm*mm*Bi&-?z®'et. mt 



(12) 
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ttU «fi«ffl(*a*<M< (M*tf 5im«fl[fitT) 1Mb 
i «oS«o«lfiik: s i m<tm®®imfB'r 

So 

[0091] S±MMiaa&B 

ft±SBffc»?RJiW\ Sc.Y. La.Ce, Pr.N 
d. Snu Eu, Gd, Tb, Dy, Ho, Er, T 
rru Y b tf L u (D'Pte < £ & 1 Hk Ce. P 10 

r, Nd. Gd. Tb, Dy, H o*5j:t/E r <D<J>ft < 

[oo9 2] ^attftia^wa, a*©ffiEiRjfc:J:& 
■r (i i i) m^Tjk-to «*tf* s i ci 

0 0) StSTfeS i (ill) SffiT&^al (1 1 
1) Kfth&£c d<Dfc#>. YMn0 3 ^S8/)^W 

[0 0 9 3] «±a*ftW*»4:LTtt, #tcSc 2 0 3 20 
(ill) Lt\ S c 2 0 3 ( 1 1 1 ) <D*g^5£ 

SO. 3 4 1 8nintC*tLYMn0 3 (0 0 0 1) 

<DM n <D&W3MIZ 0 . 3 5 4 OnroT 

tS^S^LT. =X7Y7hiaMil£MYMnO 

3(0000 «jefieH$*c5e^-rso 

[0 0 9 4] ttfcL, «±«IMU*IS«* (OOl)E 

SHiSBSfb^Jiti: (00 1) ISft£&£0 

t- > ^ n > XfflttS 6 fflfcS £ ft 3 iaK«fl*WKO JgfiR 30 
lc8F»Tfc*c IWtWiflWHi: LT±ELfc££ffcS^l/ 

*e>ft, c<a£jc*5(^TZ r 0 2 aMIIc^^ 0 ceo 

JiW£C£lcJ;D. C-Vfiftt©tXrU^X*4<t 

^Olff^^o «±»ltft*3R»tfaWSftTt^« 



[0 0 9 5] ttft^n-^AJRWiScfctf^JHKjfcftl 

£JB « , ^13= & # (D fc 46 K ftn«g a LtUi\ 

0JxJ£. Cft6<0JglCC a^Mg&£<o;T;I/*iJ±#m; 
^*«JWr*<i4:3b^*So *fc. A 1 fecttfS i H\ 

■io«»as*ia±***aiR^«*o sbic Mn, f 

e, Co, N i ftlf©3B£&B73tMd\ M^tc&^T^ 

[0 0 9 6] ^<ufXti^ hTifeB 

ft^o ^D7x*^hT*i«, ^p^x^Y h^b-& 

*tWMO|g 0 B a 14^46^>^46tc. i&Bfcj£i;TRttSft 

a T i 0 3 , S r T i 0 3 £fc:fc*Cft 6<0HJSI*T?fe D . 
J:0»^L<{iBaTi 0 3 T£>£ o ^n7X^^ hT 

»»4:t4»a*ftd«fr6«ia«ft*o 
[0 0 9 7] W*tf. M^Lrc#±S^i^^>{^& v ^ 

*V B a T i 0 3 SA^&5^p7X*^ hTiill/I^/f 

£k&*), snt^r^m&m^^mt^c ttftt 

[0 0 9 8] ^/c. «»TS««J1*. 

8BS-T«J:d*iE*» (0 0 1) EiSiSrctiic^S (1 
0 0) BE[pJ<OVi1lja^SC tiiffliLl^ B a T i O 

[0 0 9 9] ^P^X^-T hTSSHti, IE^ B H H T^^^ 
#tt (0 0 1) *-ErtI. -rato"6»«^ffifc¥fT»cc 
ffiiAW— *«:Eia L/c fe £ L < , jx77 ^ 

T^S^fti (10 0) Eia. -r&*^siggi®£ 

¥tTtc a BS^#— tcElft L/ctOTfeSC £ L 
<. t^ftO«dT*feitr**5/-v;l/«iT?fe«iii:tfJ: 

[0 10 0] fit, ilty;i/3-^Mit^pyx 

^^r bTim£m%FBj3i±Lmim. ^nyx^^rh (o 

0 1 ) //Z r i_ x R x 0 2 .c5 (00 1) //Si (10 

0) . ^o^X^^ h [100] //Zr l- x R x°2- 

(5 [10 0] //Si [0 10] 76*Cfctf!J$U\ 



•J i 
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ztt)W& Li^t^o &xizmmx$>2> 0 

[0101] MM 

s, Re. Pd, R hfecfctfR u<D'>&< fc 1 

[0 1 02] NaC 1 SJftfktt : T i O .VO ,NbO ,R0 
!. x (ClT\ R :-WHW±0«±a (Sc*3<ttfY*« 
t?) . 0^x< 1 ) .LiV0 2 Ho 

CO 1 0 3] Xe*7l/Sttfk14l : LiTi 2 0 4 XiM x Ti 2 _ x 0 
4 (CCT\ M=Li,Al.Cr.0<x<2) .L ij _ X M X T i 2 0 4 (C C 
T\ M=Mg,Mn,0<x<l) ,L iV 2 0 4 ,Fe 3 0 4 ,^£ 0 

[0 1 04] ^D^X^^h mmit^i : Re0 3 ,W0 3 ,M x ReO 
3 (lCT\ M^Jg ,0<x<0 .5) ,MxW0 3 (CCT\ M=#K .0 
<x<0 .5) ,A 2 P 8 W 32 0 1 12 (C C T\ A=K ,Rb ,T1) ,Na x Ta y W 
]. y 0 3 (CCT% 0^x<l ,0<y<l) .RNb0 3 (CCT\ R: 
— nmiX±<D%i±m (ScfecfctfY^tr) ) .N ai _ x Sr x NbO 

3 (cct\ o<x< i ) ,RTio 3 (ccT\ r :—mmyut<D 

(Sc^oJ:tfY^^ty) ) .Ca n+ iTi n 0 3n+1 . y (<l<l 
X\ n=2 ,3 y>0) ,CaV0 3 .SrV0 3 ,K\ _ x Sr x V0 3 (C C 

?\ R a«tt±<D«±SI (ScfeitfY^tT) . o< 
x< 1 ) ,Rj. x Ba x V0 3 (C lT\ R : — fflHBW±©«±« 
(Sc*5J:tfY*$trt . 0<x< 1 ) .Sr n+1 V n 0 3n+1 _ y (CC 

X\ n=l ,2.3 y>0) .Ba n+ jV n 0 3n+1 _ y (C C T\ n=l , 

2.3 y>0) ,R 4 BaCu 5 0 13 _ y (C Ct\ R : — MMU± 

(D^±m (Sc*5«fctfY*-&tj) . 0<y) ,R 5 SrCu 6 0 15 (CC 
T\ R : — iBSI«±0«±» (Sc*5j:tfY*'grtrt ).R 2 S 
rCu 2 0 6 2 (CCT\ R : — ffi«tt±<DS±» (ScfccfctfY 
*^ty) ) ,R i_ x Sr x V0 3 (CCT\ R : -lJBW±©ft± 
11 (Sc4o£t/Y^&0 ) ,CaCr0 3 .SrCr0 3 ,RMn0 3 (C C 
T% R :-aaw±Oft±JB (Sc43<fctfY«rtr) ) ,R 
j.xSr^lCCT, R :— S!»iW±<Df&±Si (Sc&<£ 
tfY^&O ,0<x< 1 ) r R 1 . x Ba x Mn0 3 (CC'r\ R : — ffl 
JEW±©«±8i (ScfccfctfY^&O ,0<x^ 1 ) Xaj_ x R 
x Mn0 3 _ y (CCT% R : — aSW±Of&±S (Sc*5<fctfY 

.0^x< 1 ,0^y) .CaFe0 3 .SrFe0 3 ,BaFe0 3 .SrCoO 
3 .BaCo0 3 ,RCo0 3 (CCT\ R : — W&U±<D%>±m (Sc 
*5<fctfY*^t?) ) ,R 1 _ x Sr x Co0 3 (clCT\ R : — HBHfit 
±<£>#±3S (Sc*5j:tfY«r#ty) ,0<x< 1 ) .R^Ba^O 
3 (CCT% R : — »HW±<0«±3B (Sc*>J:tfY*<gr 
t?) .0<x< 1 ) .RNi0 3 (CCT\ R :-lSW±©ft± 
S (Sc*5cfct;Y^r#t?) ).RCu0 3 (ccT\ R :— WBW 

±C0#±^ (Scfc^m^r^t?) ),RNb0 3 (CCT\ R : 

-mm&,±(o^±m (sc^^y^c?) ).Nb 12 o 29 .caR 

u0 3 ,Ca 1 _ x R x Ru 1 . y Mn y 0 3 (CCT\ R : — HBStt±<D2&± 
II (Sc&cfctfY^trt .OSx^ 1 .0<y< 1 ) ,SrRu0 3 ,Ca 
Ux Mg x Ru0 3 (C Ct\ 0<x< 1 ) . Ca]_ x Sr x Ru0 3 (C C 



T\ 0<x<l) .BaRu0 3 .Ca 1 _ x Ba x Ru0 3 (C CT\ 0<x<l) . 
(Ba .Sr)Ru0 3 .B ai _ x K x Ru0 3 (C CT\ 0<x< 1 ) .(R.Na)Ru 
0 3 (CCT\ R :-WK±0«±a (Sct5<fctfY*<S- 
t?) ) ,(R,M)Rh0 3 (CCT\ R : — fflHEW±<D«±»i (Sc 
*5j:t/Y^r#t?) .M=Ca ,Sr .Ba) ,SrIr0 3 ,BaPb0 3 , (Ba ,Sr)P 
b0 3 . y (CCt\ 0^y<l) ,BaPb!_ x Bi x 0 3 (C CT\ 0<x^ 
1) ,Ba,. x K x Bi0 3 (CCT\ 0<x<l) ,Sr (Pb .Sb)0 3 _ y ( C £ 
X\ 0^y<l) ,Sr(Pb.Bi)0 3 _ y (CCT\ 0<y<l) .Ba (Pb . 
Sb)0 3 _ y (C £T\ 0^y<l) ,Ba(Pb,Bi)0 3 . y (C CT\ 0^ 
10 y<l) ,MMo0 3 (clCT% M=Ca ,Sr ,Ba) . (Ba ,Ca .Sr )T iO 
3 _ X (C CX\ O^x) 

[0 10 5] »«^D^X*-<hSB?fkia (K 2 NiF 4 ^^r 
: R n+1 Ni n 0 3n+1 (CCT\ R : Ba .Sr .#±S (Sc 
*3J:tfY*$«r)Od-B-tt»«±.n= 1 -5(Dmm . 
R n+1 Cu n 0 3n+1 (CC-c"\ R :B a> Sr.^±Sl (Sc*5 J; t/Y* 
$ty)<0 3 "5— «a«± ,n = 1 ~ 5 ©SS) t Sr 2 Ru0 4 ,S 
r 2 Rh0 4 ,Ba 2 Ru0 4 ,Ba 2 Rh0 4 Mo 

[0 10 6] sWut?uTmmtVa : R 2 V 2 0 7 _ y (CC 
T% R :-aSW±Oft±« (Sc^ctt/Y^r^t?) .0<y 
20 <1) .Tl 2 Mn 2 0 7 _ y (C CT\ 0<y<l) ,R 2 Mo 2 0 7 _ y (C C 

r% r :—mmtiL±(o^±m (scfe^t/Y^^^) .o^ y 

<1) .R 2 Ru 2 0 7 _ y (C CT\ R :Tl,Pb.Bi.f&±3S (Sc4oJ: 
tfY^^-C?) O 3 SSM1X± ,0^y < 1 ) ,B i 2 _ x Pb x Pt 2 „ x R 
u x 0 7 _ y (C CX\ 0<x£2 ,0<y<l) ,Pb 2 (Ru ,Pb)0 7 _ y (C 
CX\ 0<y<l) ,R 2 Rh 2 0 7 _ y (CCT\ R - T 1 .Pb ,B i ,Cd , 
*±S (ScfcJ:tfY«:#€y)(D'5'&-a«W±.o<y<i) . 
R 2 Pd 2 0 7 . y (CCT\ R : T 1 .Pb ,B i .Cd M±M (Sc*5cfct/ 
Y^C?)<03^-iii)t± ,0<y<l) ,R 2 Re 2 0 7 _ y (C C 
T\ R : TI,Pb,Bi,Cd,frt±»i (Sct5&ZfY%:1£tS)<Do?> 
30 — fflS ! it(±.0<y<l) ,R 2 0s 2 0 7 _ y (C CT\ RITl.Pb.B 

i ,cd M±m (sc^cfctfY^r^od %-mmvL± .o< y 

<1) ,R 2 Ir 2 0 7 . y (CCT\ R : T 1 .Pb .B i ,Cd .#±$1 (Sc 
te<fctfY*-&ty)0-5*6— ffl!SlX± ,0^y<l) .R 2 Pt 2 0 
7 _ y (CCX\ R : Tl ,Pb,Bi ,CdM±m (Sc*5<ttfY*# 

t?)©? finaw± ,o<y<i)^ 0 

[0 10 7] Z(D{&<Dmitifa : R 4 Re 6 0 19 (CCT% R : 
-WW±o?&±i3 (Scfe<fctft*^€y) ),R 4 Ru 6 0 19 (C 
CX\ R : -iS«±OS±S (Sc*<ttfY*^tr) ) .B 

i 3 Ru 3 0j i .V 2 0 3 T i 2 0 3 .Rh 2 0 3 ,V0 2 .Cr0 2 .Nb0 2 .Mo0 2 .W0 2 .R 
40 e0 2 ,Ru0 2 t Rh0 2 .0s0 2 , Ir0 2 .Pt0 2 .Pd0 2 ,V 3 0 5 ,V n 0 2n _i (n=4 
^&90SSa) ,Sn0 2 _ x (CCT\ 0^x<l) ,La 2 Mo 2 0 7 , (M ,M 
o)0(CCX\ M=Na ,K ,Rb ,T1) ,Mo n 0 3n _! (n=4 .8 ,9 .10) .Mo 
17 0 47 .Pd 1 _ x Li x 0(C HX\ x<0A)m o I n tttsWHt 

[0 10 8] cn^Od^ifttc, I n**&tF»fkW*fc 
ttJWtt^DyXA^ htt<k«B*<#3:L<. «p»C I n 2 
°3> 1 n 2°3 (s n K — ^) - R C o 0 3 . RMn 
0 3 . RNi0 3 . R 2 Cu0 4 . (R, Sr) C o 0 3 . 
(R, Sr, Ca) R u 0 3 s (R, Sr) R u 0 3 , S 
50 rRuQ 3 . (R, S r) MnQ 3 (Rti, YfeitfS c 



1#P*Wl0-223476 



[0 10 9] (001) iEFPlO»R««aP)H«r*fi)cL<fc 
3kf«^ WBIH«±iE^rffl (0 0 l) i»i^E[R)T*£> 
S*\ ji^ffl (10 0) BElPlt?a6*c4:W»SL 
<. Sfc, A»a (0 0 0 1) Efi©»»§«i*»«*JK 
«LJ:3i:-r*»^. «««« (ill) *-EirIT« 

[oi io] jE^a (ooi) Eift*ftttfi:^a do 10 
0) ElRlO«WI*»«LJ:3i:'r*ai^ StftftfB 
■tt (001) ElRlT*fe^ili:jb<»SL<. (ill) 
Eiao««ii*»fiELct3fc"r«»*. BMfc«J*HIJftt 

(111) ElftT**Cfc*W*Ur\i fcJSU wsjb 
ftSW^tcli* (001) Eft<0/W 
7 7ll±i: (ill) E^lil^Mt^c^^ 

(0 0 1) ElBJir-rsfc^tcti, iffilHn^X 

[0 1 l 1] S iWiiMfe «SM«J:Cf9ftR*(*lV 20 
MOPao*Sii«i#ffil3II««\ ^n7Xi?^ h 3= 

?Xf^D>X [10 0] [100] //Si 

[0 1 0] TfeSCtWSL^o ffi^fflBBffitt 
^d7x^^ hSft(ij'y^f>7D>X (001) 
//WMM (001) //Si (100) T**SCi:W$ 

[0 13 2] mMM<DRMm$, 1 0~ 7 — 1 0- 2 QcmT 

sscwtsu^ ^fc, m&Biz. ffimmttnfrz 30 

[0 113] fiM 

WaiLfcJ:3*C. S iliMSSSffi^LT^ Si (10 
0) ffiSfcttS i (111) ffl«r«ffiJcWrsfeO«rffl 

[0114] &@ o Miitt, gimfc^iffl ^ 

«t *ffiB «\ * <D± flgfiK * n 3 B H'ft * IrI± 2 
at***cfc*W*L^ 0 3ftB«f*»8ife. ±12 40 

[0 115] *Jl<Dttfttt«±, XRD (X«Hs]0t) Kfc 
tfSgW^-^Oay + V^-yO^fBI^ RHE 

[01 is] 9UR«f*nn. mswfc^tf&ftBWHJi 

it, XttHflrfccfcS (0 0 2) m<OKM<DUy3r>7* 50 



5 0° WTfc**II§W*eStt*1t 

£5tffiffi£ R z (+j5¥£lffl2. S*PS2 5 0 Onro) 

<t*0. 6 0nmWTt?a6?). S«JHt?«fi : SL<« 1 0 

0. 6 0nmWTT*5o C COX o %3t®ffi£ 

&Ji<D3ia<D»£ L < ft 8 0 %W±, £ 0 »* L < (i 9 

ftot*i*»«Lfti:tlc, ffiil 0cm 2 ^±<D§iU§lc 

0%tX±tR ztf 2nmWTt?fc*i:tt, ±IE<D<fc?tC10 

ti, j 1 s b 061 otc^^nn^o 

[0 1 17] o*y*>y*-^(0*flMi*5J:tfR z<QT 

7 0 mm. mco. 4 0 est, iieRzoTBUBo. 

[0 118] £/c. R H E E D«tfX h U — *T*fe-3 

[0119] mmmcomzte. -»tc»$L<ii5o- 
[0120] iftfk»iti|ffljHoff«i4, l<& 

5~5 0 0nnk £ D »S L < fc* 1 0 — 5 0 nmT?ftS*\ 
£f* x 5 0^50 OnmigTfeSiltW-i U\ £ 

[0121] assara 

WKHBSSti-r, S i»R±fc:cn6*#-Elftl«*x 

ffSKtilfS, ^STi¥7~2 1 9 8 5 0f, 

7-240607^, ^¥ 8-1 8 6 6 2 5§ 

[0 12 2] HJB^ffiOJUWWfcbT. 3Sg§m<* 

[0123] iilftilgiMM 

1 *ffl^^d4:^a*Lt\ lCTU P 
bT i 0 3 tCG d«rjSftpLfcfifiRT*feSPGTW)ll*ffil 
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[0 12 4] SttttlS] p#»»&nfc 
mm 1 a^Wl, CORS* 1 a rttcii, TfflSfcg&E 

[0 12 5] Ifgil ti. »ffctt*X«|&SH7*«l 

□ 814. ±fe^;b^3oaCT^tclEH^nTi^o c 

< ^n§i^lc^oTi/^o 4->;l/^3 0^etcT73tc 
14, P b T i O x sSRSB 1 0&£tf#±#l 

[0 12 6] »3»a»fcbT»fbW (P bO) 

>5o T i O x (Omt> 0 tC T i T i(iPb 

O^^lfWtiWm PbO(iTUcKi*S 

[0 12 7] &*5. T i O x tC*5tf £ xt4. #g:L<{4 
1 < x < 1 . 9. cfcO»SL<« 1 <x < 1 . 8, 
C»$L<lil. 5<x < 1 . 7 5. #tc£fg:L04 
1. 6 6 ^ x < 1 . 7 5T^ 0 COJ: i O x t4 

[0 12 8] $*\ ±E*;l/^:l«*-l:y Ft§ 0 S 

s iJtMgso (100) m*miR&mic&2>£5fom\< > > 

a^^^Lfcm^ B B B «^gffi^:bTffll^c ^^^^ 
[0 12 9] C<0«JB*ttT?tt, ^«ft»Rflf*W««: 



ttftffc&O^ 4 0 0ciu 2 ^jaT^>^o ljttt<0 

^i0<*7 P n-bX{i2~8^>^-^S i *$fc6 

[0 13 0] l^I5*T*Dil, PbCK T 

10 i o x *5J;tf G d «Kttt5?fX4:*S*6arfaK:«ie-r 

[0131] ftDjKtiaSti* 5 0 0 — 7 0 0°C. 4#tC 5 5 
0 — 6 5 0°Ct-$-%>£ tffttf& 5 0 0°C*JST*S 

m^(D^>mmwmmtm^nic<i\ 70 

OT^iS**^ fe v lIi:lfioS i*fc#fijSU 33 
«M±lc^««IIW*««'r*»*»ct. Pt^o 

[0132] ±ia»ki*«xi:LT«, rsk, *v>. 

* £ h\ Mtm # X <d-& S fc 5 ^ * ;Wt b 

[0 13 3] E C RKJRW»c«t«^^;V» 

[0 13 4] 

#6. E C R»iR»*^*:«»*^^*;MtLfe»** 

ZmmftlEte. l 0" 3 ~1 O^TorrS^TSSC^aW 
S Ll\ mmftJ±<D±m* I 0 ^Torri: Lfc<D«U 
30 «rt^**3K!R!«*^B*3&ft«*S<ii:ft<, fro 

<D$$ft& \ 0" 4 -l 0- 6 TorrCD^V^^tC^^rt/^o 

2 5cc/»-e$5 0 »«*x<o«a«iea«. i^io 

[0 13 5] t?lf-AiT«LTM 
»fi^«*&-TSp ^3iJS(i. ^^L<(40. 0 
5—1. 0 Onm/s, J:Dff^L< (4 0. 10 0 — 0. 5 

[0 13 6] T i Ox^o^tfG m*&Lfc($i?^S 

50 ^a«±tcfijts-rsPGT«atcffi?)5&*n*<or% s 



^WlO-223476 



Bt*fl*ST?tt* ia«rn*<*<. ^Dwat^^i 
m^mmh. Pbomnmfrzvmfa^om&mit*. 
z>o mmm&vm^te, tmmfr*>im*ti&p b t 

T i £<Dm?lt 

P b/T i = E (p b /Ti)- 10 

P b/T i =F ( Pb/Ti ), 

E (Pb/Ti)/ F (Pb/Ti) = 1 • 5~3. 5. 

E (Pb/Ti) /F (Pb/Ti) = 1 * 7 — 2. 5. 

E (Pb/Ti)/ p (Pb/Ti) = 1 • 9-2. 3 

t&2>$><DT*$>2> 0 ifi#J£P bO&^li^tf^xa-r 20 

3c£tc&£ 0 e (p b / Ti )/F (Pb/TQ^/h^TffSi:. 
»CP b*+#fc^**cfcft<B»fcft!K Bi4"0 

(Pb + R)/Ti ottWAKfto-rsfTisattoai 

t^p/X^j^ M»5S^e:6*l^ — 77. E (Pb/Ti )/ 
F (Pb/Ti) ^^*rr^i:. H*<o (Pb + R) /Ti 

£>tl&<&£ 0 30 
[0 1 3 7] i^±fM0JJL/Ccfc5(C, PbOfcWTiO 

(DP G T «S^S«±tc 111 BHE^WJc fiKiS-T £ Q d £>?7 

[0 13 8] fiEHIffiff^ 1 0cm 2 g£Ja±T& 

«*tf fig 2 >r y^o^ffio^ffitc^Mt-^ t s 40 

mm?i,fr^ntem<D&m^mt%:2>o ccotz, 
w&<om$asati orpmw±-efe*ci:«<flSLv>o ia 

± 1 2 0rpm@JS^^^>o 
[0 13 9] U±s «»«#»fli<0»il^ffiO»ffl*Bi 



[0140] z zicttmcis^TMB Emm&m^r 

[0 14 1] W±T?li. *±!«7E*SaiP^*>»«3RO 
±*7£**jS4PLai^PT»H» J «>, PZT*tt«42 

ft»»l!l»C*5^Tfc, i^T'B i ©*«EW«<^fc«> 
fcvtPbOI^B i 2 0 3 lK»«*:#*.3Ci:T-H 
B i #aP5JS*< SBSE^«£J|gil»c8*D&3:*U Xh 

[0 14 2] s i SMaffiMii 

[0143] tta«iii<o^?«Kfetts*i!n«JJfi«, 

i:^, ma. n bO***OiB»?^*ft 

[0 14 4] Si iBS^«clWbWflW*xif **S/^yl/ 

* KiifitRjfi* W Wf b tc t # ^- tL b n^> fij? ?iE5»J4ff ifi 
1 x l«Jg&(DT% ttft»WHI*xe**^^^«*« 

[0 14 5] l^U i^tl/cS i (10 0) OS 

0. Si (111) OSffiti, 7X7Sfttt2x8«a 
(DK # ^#fu p< i/ a * «, o^^l *S«ig i:*oTLI 

[0 14 6] Sft, ZtlZVmmtZtiTzS i SBBtt. 



(17) 



T£fSg (7 0 0°CJX±) Kffi*OHe?!fX. t: 

* c 4: i D 2S«aiBfWfS»S *i, «iIfittflWati«o 

[0 14 7] co<t34ci:^ S i iMSBgjRfc. 

[0 14 8] c©7*j£"?«. if, «BStf}1l#{t«nft 
S i !&» r fi2S«*, H6t^-r*;l/^tc-fey h LtM 10 
Btfb14#X*»ALoofti*aLT\ MS 

So S i Kfbt&lJfOffSti. 0. 2- 1 Onm^^-T^ 

[0 14 9] ±mcOl]UBM, 3 0 0-7 0 OTOr&S 20 
tc. 0~l 0»nSfi««fLTfT3o ctD£#, ffiS& 

S-T Si »ft»H*W <&9t?TL$3o 

[0 15 0] ifttt^XOiAft MitfcnWttt3tfX4: 

Lti**fflt^i^, m^si^^^wi x i o- 7 -i 

X 1 0 - 4 TorrgjgOK£JC U @£{btt#X<DSAtC £ 
tK '>ft< kfeS«ifi«0«Iffl«4»0||Bli»£E^ l x i 
0~ 4 — 1 X 1 0-horr£ft££5(CLTfT5C 30 

[0151] ±iexi§^ *ffl*Tin«a-r*o mm^m 
cos usutes s i mtvmmic^omm^tir^^<D 

ft*ft2©p5*#«£bfti,\, traJ»fliUa«a\ 6 0 0-1 
2 0 0°C, KtC 7 0 0—1 io o°C^*r§ci:^^L 
i\ 6 o olefin****:* s i WffiSMti&ffiic l x 

l«ig#f#e>ftftl\> \ 2 0 0°C^m^^>t, S i Mft 

ttassottatt^atiT l s 5 0 40 

[0 15 2] #^T% Z r fe££f/g{btt;#Xft\ Z r. 

tcft£ 0 [53B#tC|iaiLfcS i gilBtCZ r tS&ZfM 
m. ZTcteZ r. «±«7ciRfe«I:rfflBRtJ:t). 1 x l 

[0 15 3]«M, RHEEDtJ:5iO;^ 

1 x i osi«io*^ «h*ajiwiri# [iio] so 



T07 (a) ICaVTJ; 5ft 1 fgJlJWC 1 O^XhU 
— >fcft 9. AftWfa^ [1-1 0] tcLTk 
£<Hi;/**->i:*3o —2k S i J^jKSfSJtaE 

fc £ Atf (l 0 0) iffi^t^ l x 2 2 x i -v 
$>2>i)\ 1X2^:2X1 irsb^fiffiUTO^afflltBiafca 

^©AMZfiri [iio] sfctt [i-io] o^-rti 

?b\ £/c&i^7rt\ i7 (b) 1 flSHIHC 

1 £ 2{gja#jC 2 ££rJ3o/^ — >lcft£ 0 l x i of< 
rfiit^tCfel/^Tti:. JtfS RHE E D<D/^->Wt, 

ASWfttf [iio] *><fctf [i-io] <om^r\ 2 

[0 15 41ft*, Si (100) iSSIfelxif 

KWSlttJ: < 1 x 1 * s i »»B"Pt#« c £ 
«^PlflET?*So 1X2, 2 x l N lxi^ftiO«I 

[0 15 5] Z r, SfcttZ r JSJ:tf#±3H7C*tt. C 
^OlKJPtfO. 3— 1 Onnk #Kl 3 - 7 nmgjg <h ft£ <£ 

JX~F> »fb«*WT*©«l&JR4:t^o HHtflWftKT* 

OfitJ&S^O. 3nm*?S-rii. S I BftftOaTCflOJ** 
W+»K:a»T**r. 1 Onm^jBilSfcSffitCH 1 ?^ 

iat)ixi «iir*4<ft5ci:tf$5o -hnes i fig{b 

1 On^iS^^i:, ±f50«fc^tc^K«rflt3|ieLTt> S i 
■Hfc»**+#fca7cT«4< ftSpJfil&^TT< S^ 

[0 15 6] IWttt3!fXi:UTlBR*ffllr^««^«4, 2 

-5 occ/^sffifitis-rsc i^o nsfbtt^x 

T*5< 0 

[0157] mit***-*^m, s±mmm&m 

s^v7T Wm<D o % m<t Vfr n - ^7 A ^11 « , * WfiB A 
^•TTtC^K¥7-9 3 0 2 4#tC*5l>Tfil^Lfc^ffi 

[0 15 8] Kft^l/n— «>A3KJB(D«l5KJc*feoT 

*-r. n^Mt^o fiJc«i«FOftpj»iaB«K{b^ 

;l/3-^AO$g B ^bO/c46tc4 0 otWlt^Sci:^ 

m% u < . 750 °cj^±Tfeti^ H s 0 tttc^n/cM^tf 



(18) 
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[0 15 9] Z r*«?e-A*-Cin!»LiK58 

05—1. OOnra/s. <fc t) $?* L < W: 0 . 100 — 0. 

[oi6 0] ^fttt^xoMl ! k 2S 
[0 16 1] B{t^/l/n-*>AIS»<D±^«±IB»ft«J 

^^ric (i . SHI: s^l> =i - A tfmSOff S tc ftZM 2 

M««»MRjfi2:-r««dtc<d:. Z r KM 

[0 16 2] ^P^X^J^ 

hT^/l^LTB a T i 0 3 )8*flMt-5 

[0 16 3] »ft^l/3-^A3R»S/£C4*±aKft«l 

fc*. B a : T i = 1 : 1 fcftSAS fc-TSC fctfff* L 
</\> ^W03»»»460iafi^«J:tf«fliffl«B©B a/T 

i eaeajtti, Ban o 3 «©BBiRittfc»»3&Rjs 

To B a T i 0 3 H. BMti/VI/n-^AI&i (Z r i_ x R 
x 0 2 .5) I5J:^S i (100) K«©l8B?j{ftBB« 
tf. fi1]^Lfc»3:L^BB«, f^t>^. BaTiO 
3 (0 0 1 ) //Z r 1 _ X R X 0 2 _(5 (00 1) //Si (1 
0 0) , ^OB a T i 0 3 [ 1 0 0] //Z r i_ x R x 0 2 _ 
5 [100] //Si [010] £&3J; 5^3^*61;: 
«\ B a T i o 3 j«IM«pK:J3»Sflp|»rajK« 8 0 0 - 1 
3 0 0°C. L< «9 0 0- 1 2 0 0WilLt\ 
Sfc, «»Ba/T HttSSBitti. 1~0, 

Sffl^HJCttT i>a*JtC-r«Ci:6WSLtV ftl3. Ba 

/t i etieajt^oTfe-sfcti, jse*wmb^«t i <d& 

T i tt^a^T^A^fcD-r^i:. JgjS^nSBaTi 

03«tf awfc-r* (ooi) EraT«ft< (iio) 



BSfpltC3&^^\ 3: fete (0 0 1) SEfaBaT i 0 3 ^tC 
(110) ElfiJttaWS&bTLS^o fiE^SjaHtcfi. 

T> liltoOffift^rTSB a T i O 3 #1# 5 *UC < t, \, 
fiKSMJWKlT i a*Ji:"rS(Dtt, B a tmiti/JVn-V 

[0 1 6 4] ^D^X^-T hTiteBfl5JKB*<0/SKiI§U 

[0 16 5] »t^3-^A*JB*«±«BMfc«* 
ai»l«(*l»KO»^i:lRl«Jc. «^X5Ifii, X/* 

20 n«*cLTB«k*SWil*liSci:*^ft*o 

[oi66] affia^M^aa 

3K»«F<D»«fflfitt. 500-750T 
tcte. mZ-lfP tWMic^X, (001) REfp]*tc 

30 (iio BBiPi^iSA-rscfcj&K^am^fcSo 

[0 16 7] 111^: I n«r^tyi»ffc1**fe«WfBtt^ 

[oi6 8] *mnx&. »R«»«HHtfxtf**s/^ 

[0 16 9] &BS«{*«WSffi*WF«"r**:* SWHStf 

tc is i; TsmttttfVM ^ r - - /]/**■*- c fc * b 

v^o — ;M±. SfSL<li3 0 0-8 5O^ &K>& 
^L<^4 0 0~7 5 0 °CX\ »S b < (£ 1 #Pb^~ 3 0 
50 «tO»*L<«5-l 5»Hfr3o 



(19) 
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[0170] w**fftott^«#Tfc, am** 

■tfe<fct\> COifr&OT— -;l/«4, fcF£L<C4 3 0 0°C 
«±. ±D»*L<*4 5 0 01CW±, ££>tc»£L<(4 
6 5 0TKt±, *O»$l/<li8 5 0tttT, J:t)HFS 
L < C4 8 0 0 °C^~FT\ L < C4 1 »R8- 3 0 flflfl. 
<tt>**L<{i5— 1 5»BDff5o 
[0171] 

[0 17 2] gglMff] 1 
t£!8I¥7 -2 1 9 8 5 0^ ^SS¥ 7 - 2 4 0 6 O^tC 

[0173] mimmm*f&&z&zm&gkmutL 

T\ fOSitf (10 0) ®<h&3<£?tC^KLTglDS 

/co co->xA-ii%4 o%^^ft:7>- : e^. i >A7j<rg 

[0174] u&mtotcwnztittmtt&vimMm 

Orpm-eilliES^ i«*«S«^iSk:y 2 5cc 
/^OltetiAlOO, 6 0 0°CtcAp^L/co Ctxic 
* 9iB«aBHWJ»WtSft, StBSffifc»*ft i nmO S 

[0 17 5] S«^r9 0 OTCfcftl&U Ih]$k2 

®Z r*SS58iH^62»58^**c:4:»cj:9, Z r 0 2 tf> 

[0176] 11^^900^ mrnmm 

*20 rpmt U y X/t/fr 2 5 cc/#0»J 

s iftiiafflaacxnsi^nz r 

*H9558iB^6#t*e , r*Ci:(£:J:D, 1 OnmOZ r O 
2 KML/Cc COZ r 0 2 «1^9 0 0 °ClC:fctf &Ef*3 
ft?^ft*»ffilfe4:C%, 0. 5 1 7ranTfeo/Co 
[0 17 7] Z r0 2 **®J£LfcS«*2K» 

IT, B a T i 0 3 flB*JBjaLfco 3&ffifi£»4* 
9 0 O'ClCflaiftU 2 OrpmTIsMg^^/Co 
yXMf)K^X^2 5cc/»<DfiJ^T#AU S« 

±tc&«B a i:iIT i £*msmfre>m&mt&c£ 

lc£0. B a T i 0 3 M^ffML/c o fSMWmia^ T 

Sfcfltl&U #^T\ /^Jl^Jg^O. 0 5nm/s£LTB 
a T i 0 3 KOIP^t«:gl3S£LT2nmi:*SJ:'5tcT i *5 
J:tfBa^U #^T % RKBMjig^O. 2nm/stC± 
W\ 03tC7nf KOB a T i 0 3 flIfcU Si(100)/Zr0 



2 (00 1 ) ( 1 Onm) /BaT i0 3 (00 1 ) X tf # * i/ -V /M8ifift*fNH 

[0 17 8] B a T i 0 3 /V^ttO9 0 0°ClC$5tf2> 
(x F0 ) (4 0. 4 0 5nmT*9, ±E Z 

r 0 2 K^9 0 0 o CtC4o^^lfiirtcotS^^ (x B ) 14± 
fE<D<fc5lC0. 5 1 7nmTfe^^e. 
5^ m x F0 / n x B 

10 1.62 0/1.551 = 1.044 

Hif^cfctfRHE E D*c<fcSiMSO«S*. S1S±(C^ 
LtcWm^t^Xifi (00 1) SB^Oxif^^i/-v;l/i 

[0 17 9] JBfiRLfc#B a T i 0 3 $|tCO^T. Xi 
IslSftCfettS (0 0 1) ffig»fr&ciOtt?S» (c 
B5RSPB) *\ (001) ®Jg^<j;tf (3 0 3) 

lc x B a T i 0 3 §!<DJS££s ftffiMI«fc<OI!fl«*S 
20 to H)3tCt4. M^©B a T i 0 3 <DERSPH. 

B a T i 0 3 /W/*#<Dffil»H (affifflH : 0. 3 
9 9 3 2 run. c : 0 . 4 0 3 4 7 nm) %£M~?7jk 

[0 18 0] B3**6, 3W«f*SWH*W<a*fe:b«: 
[0181] Hffig>J2 

i rf^«Lftxbr**$/^7i/Mifi(*:o±^. 7 0 

30 0°CTP t^IilTP tfm&Bf&l^ Si(100)/Zr 
0 2 (00 1 ) ( 1 Onm) /BaT i0 3 (00 1 ) ( 1 OOnm) /P t (00 1 ) ( 1 OOnm) X 
If ^^v^;l/^igf*^#/c 0 CCOP t!06 0 0°CtC*5 
ttSffirtcOtS^3R*ffl'J^Lfci:C5. 0. 3 9 4nmT 

[0 18 2] ^^>(C. COXtf ^^iz-V^igflc^igf 

.(WT. PPT^3)*SE»U PPTIIMMl 
fee P:*^JlCt4, *"T. »««6 0 OICJCiPjJftL, 2 0 
rpmT'lellteS-efco fit, ECRKi»/)^7^M 

40 mm#x* i occ/»ow^^s»al. sikcp b 

CU T i O x ( x = 1 . 6 7) 4o<fctf P r^tlftK?) 
SiaiH^6I!KS8S-a-SCfc»cJ:0. H 4 tc^-Tjp^cT) p 
PTl^ML/to iR»aR3^6^««t4, PbO : P 
r : T i O x £)^e;l/J:ktf 2 : 0. 1 : 1 i: ^: S «fc -5 »J 

E (Pb/Ti) =2 - 0 

[0 18 3] CCOPPTMOS§fig OR^Jt) *ffiJttXj» 
50 (Pb + Pr)/Tl=l. 00. 



(20) 



Pb/ (Pb + Pr) =0. 9 2 

F (Pb/Ti)=°- 92 

E (Pb/Ti)/ p (Pb/Ti)= 2 - 2 

[0 18 4] P 0 0 o CtC£>tf 

£M0. 3 9 6nmT&D, — *N P P T^COTtC#fi-T 
£P i MO 6 0 0°ClClSlf2>1&¥7£m*±9ZLrc&5\c 
0. 3 9 4nni&Ot\ 
i£ m x F0 / n x B 

0.3 9 6/0. 3 9 4 = 1. 0 0 5 1 

0}lTfcj;tfRHE E nic&z>mj£<Dife^ mtiLtic&f& 

L/cSlOt^T^ (00 1) Eft<Dxtf#4^>*;l/|» 
[0 1 8 5] flg/SLfcgP P TBitcol/^T. affilSPBfc 
P P TK©f S i#ffiHBi:OBI«*Sto EMlcti. 

ii^p ptobibh. pptww 

[0 18 6] 114 tC&^T. JJ£#9. 9nm<DP P TIM 

c SiBBIBtfftHg*© £ £ cd c ffiiHHWc J* L i . o 

015 (0. 4026/0. 4020) IS^c^ < 

(i, S^16. AnmUltO. 9 9 7 81^ f^2 9. 0 
nmTfi 0 . 9 9 3 5 fg. 4 7. 2 nm"t?tt 0 . 991 

3fg\j?£l0 0. 0nnft?«:0. 9 8 9 1|g^0, ^ 

[0 18 7] «xtf ^ + ^t;l/«M©P P Tllffi 

— »7 - @B&*flJ t^T ill 58»S*»JXg Lfco C (Dtii 

PPTl^^3 0 0nm £ # O C ffi'iHSJ 

P§©0. 9 8 1 8«) IeI5«#«S# 3 0 

^C/cm 2 T&ofc<DtC*fU f?47. 2 ran «S3g#<D 
£^<DcffiRBPB<9 0. 99 13(g) <Dt><DVl*4 0 jiC/ 
cm 2 , S?9. 9ni» (ii^OiltOcffif^l. 0 
0 1 5{g) (?)t)OTti5 5 ^C/cm 2 TfeorCo 
[0 18 8] PPTl^K^^iSM 
«W»CPPTIIlO-35ecffi»tfS;*tfii*L, Ctifcfcfc 

[0 18 9] ffl&ffii 3 
^S£i?iJ2 ^HOSHcLT. Si(100)/Zr0 2 (001) (10nm)/BaTi 
0 3 (00 1 ) ( 1 OOnm) /P t (00 1 ) ( 1 OOnm) X tf # > -V 

[0190] 2 etc coxe*^s/-v7i/#ia**3MMi 



S«£ IT, P b T i 03**»»ffitc<fc D»«Lfco 
flfrWlCtt, S-T. Si^6 0 0°CldPiaL, 2 0rpm 
t?lsHE*-a:fco fit, ECR|»b7^«i 
^X^ 1 0cc/»<O»J-&7?S»AL, S«±tC P b Ofccfc 

ffTio x (x = i. 6 7) %^n^ncomftMfrz>m 
^^zcticxv, mstc^tmzop b t i o 3 m 

*««Lfco 3R«W*^&0«l&tt, PbO : T i O x O 

10 K(Pb/Ti)=2- 0 

[0 1 9 1 ] CCOP b T i 0 3 lOfM (JS^Jt) ^ 
P b/T i = 1 . 0 0. 

E (Pb/Ti)/ p (Pb/Ti) = 2 - 0 

[0 19 2] P b T i oy^jiZtfcoe 0 0°CiC^f^> 
J&^ftfckO. 3 9 7ranTfe^ PbTiO s I 
20 ©-RC*?fiET £ P t m<D 6 0 0 fl CiC*3ttStS?^ia«± 
IBLfccfcdlCO. 3 9 4nmS:<DT% 
^ m x F0 / n x b 

0. 3 9 7/0. 394 = 1. 0076 

[0 19 3] WL/:SP b T i 0 3 J!K:o^T. affi 

5 K s PbTi 0 3 §?©JP£ i:SIEfiBI«fc<0BB«** 
30 to H5l*:«\ i^OPbT i O 3 (0BSiffllH. T%t) 
PbTi 

[0 19 4] 15^P>, f^5-l OOnmT'ii, c ®<D 
ffiHPBtffi|^#0} i:t^c ffi ©ffiHPgtf) 0 . 9 8 4 - 

0. 9 8 9 fiTS 0. ^■rtlfe*»W(EHrtK:iR*oT 
l^o LfrU ©2>^5 0nm*J:tf 1 0 OnniOP b T i 

O^Tii:. F^-Y 6 tifco X 

IglOttmc&^T. (001) ffffOfc!— ( l 0 

0) BKDfc!— *#K»&n* *WSBt7£8t5xlf* 

40 -3 OnmOP bT i 0 3 «T?ti\ X«08ffc:*5^T (0 
0 1) fli— Eiat?*SCfctf»Pa*tl. RHEE 
D tc i: 0 X h 'J - / ^ - > ^146 ^ tlfcO t\ x 

[0 19 5] Sxe^^i/-v;l/«5SftOP b T i 0 3 fll 

/in^AltKMU Ptifr6U-F*»0U 
U V— V*!7-|iI»*ffll^Ta«»«*»l3eL^o C 
©tt*. PbTi 0 3 BiCDJ»^tf 2 0nmC**«ifif*-t? 
l± »; - < PJ^^oJggTS t) , e^Uti: 6 0 /x C/ 

50 cm 2 T^ofc 0 ^/c, 5 — 3 0 nm<DJP£ JC^T, Ctl 



(21) 
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0 3 iOS^??:5 0 — 3 0 0nm£ Lfc fcfTICtt* (0 0 
1) mfat (100) ElfilfctffflftU g^»i2 0 
-4 0 |iC/cm 2 i:/h*A^ofco 
[0 19 6] C<D*Sifi*^6. P b T i 0 3 <DJ5***3 On 

mWT-esnif. «#<dp bT i OaHWBfltstiJp-r^ 

of:F^ >«KB3b<»«* nf 6 tc x tf * * * /MR i: a 
[Hffi©tR¥ft»MB] 

[0 1 ] 3£Mmt* (p b t i o 3 ) mm<D-&7ij&ti t 
[02] (a) , (b) fecktf (c) m>sas«j: 

[03] S i ( 1 00) /Zr0 2 (00 1 ) ( 1 Onm) StS± tC ffM L /c B 

[04] S i ( 1 00) /Zr0 2 (00 1 ) ( 1 Onm) /BaT i0 3 (00 1 ) ( 1 OOnm) 
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